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CHAINING 


INTRODUCTION 


1. Definition.—Surveying is the art of determining the 
relative positions of points and lines on the earth’s surface. 
By the term the earth’s surface is meant all that part of the 
earth that can be explored; therefore, the term includes the 
bottoms of rivers and seas and the interiors of mines, as well 
as the more accessible points on the actual surface. From 
the information obtained by the methods of surveying, the 
locations, sizes, and areas of obiects can be found either graphi- 
cally or by calculation. 


2. Classification.—Surveying may be classified, according 
to its purpose, as land surveying, topographic surveying, 
railroad surveying, hydrographic surveying, mine surveying, 
etc. The general principles employed in all these classes of 
surveying are the same, but according to the methods and 
instruments used, surveying is divided into three branches, 
as follows: 

1. Chain, or linear, surveying, in which no other measuring 
instrument is employed than a chain or tape. 

2. Angular surveying, in which angle-measuring instru- 
ments are employed in connection with distance-measuring 
instruments. 

3. Leveling, in which the elevations of points or the vertical 
distances between two or more points are determined. 
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2 CHAIN SURVEYING 


Linear surveying without the aid of angle-measuring instru- 
ments is seldom practiced, but the process of measuring dis- 
tances is an important part of angular surveying. ‘Therefore, 
the methods of measuring with a chain or tape described in 
this Section will include those used in angular surveying. 


3. Instruments.—The measuring instruments used in 
determining distances are the chain and the tape. In addition, 
plumb-bobs, range poles, and marking pins are usually 
employed to facilitate the work. 


DESCRIPTION OF INSTRUMENTS 


CHAINS 


4. Description.—A chain, Fig. 1, is composed of links of 
steel or iron wire, each two adjacent links being connected by 
small rings. The best chains are made of No. 12 steel wire 
and have all joints in the links and rings brazed in order to 
prevent their opening when a pull is applied 
to the chain. Some chains have two, and 
some three, rings between adjoining links. 
At the ends of the chain are handles, 
usually made of brass, which are attached 
to the chain by means of swivels having 
nuts and threads. Each handle forms part 
of the end link, the length of the chain ex- 
tending to the outer edges of the handles; by 
means of the swivels, the length of the chain 
can be adjusted. Chains are classified as 
engineers’ chains and surveyors’ chains. 


i 
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5. The engineers’ chain is 50 or 100 
feet long. In each foot there is one link; 
that is, one link and the rings on one end 
between that link and the next make a foot. Every tenth 
link is marked with a brass tag to indicate its distance from 
the nearer end of the chain. Thus, in the 100-foot chain, 
shown in Fig. 1, the tags that are 10 feet from either end of the 
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chain are marked |, those at 20 feet | , those at 30 feet 
| | |, and at 40 feet | | | be At 50 feet, which is the middle 
of the tape, a plain tag, usually of different shape from the 
others, is used. Therefore, when a measurement is greater 
than half the length of the chain, the tag marked | | | | next 
beyond the center will represent 60 feet; and then, continuing 
in the same direction, tag | | | will be 70 feet; tag | |, 80 feet; 
and tag |, 90 feet. Hence it is important to observe on which 
side of the 50-foot point the tag is, in order to get the correct 
reading. 

Engineers’ chains were formerly used on all kinds of surveys 
where the foot was the unit of measurement, but they have been 
generally superseded by the steel tape. 


6. The surveyors’ chain, often called Gunter’s chain, 
from the name of its inventor, is 66 feet, or 4 rods, long. It is 
divided into 100 links and, consequently, the length of a link 
and the connecting rings is .66 foot or 7.92 inches. This type 
of chain was used in all old United States land surveys, but now 
specially graduated steel tapes are employed instead. When- 
ever the word chain occurs in a deed, lease, or other legal docu- 
ment, it is understood to mean a surveyors’ chain of 66 feet. 
The advantages of the 66-foot chain as a unit in land surveys 
are that there are 80 chains in 1 statute mile, and that areas 
expressed in square chains can be changed to acres by simply 
moving the decimal point one place to the left, since there are 
10 square chains in 1 acre. 


7. Folding a Chain.—A chain may be folded either from 
one end or from the center. To fold it from the center, take 
the middle pair of links together in the left hand, grasp the 
third pair of links from the middle with the right hand and fold 
the second and third pairs of links across the middle links 
and nearly parallel to them; then grasp the fifth pair and fold 
the fourth and fifth pairs across and nearly parallel to those 
already in place; proceed in the same way until the end is 
reached. The chain should then be secured by a cord or 
strap around the centers of the links, as shown in Fig. 1. A 
chain may be folded from one end in a similar manner. 
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TAPES 


8. Classification.—Tapes for measuring are usually made 
of steel, although cloth tapes and so-called metallic tapes are 
sometimes used. Since the cloth tape stretches easily and 
shrinks when wet, it is of little value in surveying. Metallic 
tapes are composed of linen with fine brass threads woven in 
lengthwise to reduce the stretching. They are made in lengths 
of 25, 50, 75, and 100 feet and are usually graduated to feet, 
tenths, and half-tenths of a foot. Their use is limited to 
short measurements where great accuracy is not required. 

Steel tapes are ribbons of steel, varying in width from } inch 
to 4 inch, and are obtainable in various lengths from 1 yard to 


(0) 
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1,000 feet. They are graduated in various ways, depending 
on the purposes for which they are used. 


9. Pocket Tapes.—Where many short measurements are 
taken, a thin tape, 25 feet, 50 feet, or 100 feet long and gradu- 
ated to feet, tenths of a foot, and hundredths of a foot through- 
out its length, is most convenient. Such tapes are usually a 
little less than 2? inch wide and are enclosed in a hard-leather 
case with a folding crank for winding up the tape. A tape 
in its case is shown in Fig. 2 (a); it can be conveniently carried 
in a pocket. The graduations are etched on the tape, so that 
it winds easily. Often the number of the preceding foot is 
marked on the tape at intervals of a tenth of a foot, as illus- 
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trated in Fig. 2 (b), which shows part of a tape between 29 
and 30 feet from the end. The zero point is generally at the 
end of the tape, but it is sometimes at the end of the small ring. 
Before the tape is used, the location of the zero mark must be 
determined. 

The small ring on any tape serves for attaching a handle. 
A metal handle is best, but a rawhide strip tied through the 
ring is suitable and gives a good grip. The inner end of the 
tape is held on the reel by a small pin which fits in a hole in 
the ribbon. An additional length of ribbon is provided 
beyond the last graduation so that a small part remains coiled 
after the graduated part has been unwound. 


10. Band Chains.—-For general work it is common to use 
100-foot tapes of greater thickness than the pocket tapes 
described in the preceding article. These tapes are graduated 
every 5 or 10 feet, with the first and last intervals subdivided 
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into feet, and the first and last feet into tenths of afoot. Some- 
times the tapes are marked every foot for the entire length. 
These heavier tapes are usually between } and j inch in width 
and are commonly called band chains. The graduations are 
generally marked on small sleeves of brass or copper soldered 
on the tape or on Babbitt metal brazed on both sides of the 
tape. In Fig. 3 is shown the graduation 56 feet from the end 
of atape. Sometimes small brass or copper rivets are used 
to mark the feet and every 5-foot or 10-foot mark is numbered. 
Rivets are not so good as sleeves, since the holes for the rivets 
weaken the tape. On band chains the last graduations are 
usually some distance from the ends of the tape, and metal or 
rawhide handles are attached through the end rings of the 
tape. When long lines are to be measured and the slope of the 
ground permits, 300-foot or 500-foot band chains can be 
used to advantage. The band chains used in land surveying 
are graduated to links and are 1, 2, 5, or 8 chains in length. 
Usually, each 5-link mark is numbered. 
ILT 418R—2 
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Band chains are wound on reels of metal or wood. A typical 
metal reel is shown in Fig. 4, and a wooden reel is shown in 
Fig. 5. The sides of the guides a are just far enough apart to 
permit one width of the 
tape to pass between 
them. In order to hold 
the tape on the wooden 
reel shown in Fig. 5 
after it has been wound 
up, it is tied near the 
ends with cords or 
leather strips b. 


11. Handling Tape. 
When a tape is being 
used, it is unrolled to its full length and detached from the 
reel. For convenience in carrying the wooden reel when it is 
empty, the pin c, Fig. 5, can be removed and the reel can then 
be folded. There are many other types of reels, some of 
which have arm straps to assist in holding the reel when long 
tapes are being wound. On 
some reels the sides of the 
guides are farther apart and 
permit the tape to spread on 
the reel in winding. 

When only part of the tape 
is being used, or when the 
tape is being carried from 
place to place for measure- 
ments, it is usually incon- 
venient to keep the tape on | 
the reel and to wind and un- ¢ 
wind it continually as the ~ 
occasion requires. If it is 
not advisable to leave the 
tape spread out, an easy way to hold the tape when off the 
reel is to coil it somewhat like a rope. ‘lo do this, take the 
zero end of the tape in the left hand with the graduated face 
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upward and, without twisting the tape, run it through the 
fingers of the right hand until the 5-foot mark is reached. 
Then, always keeping the graduations upward, place the 
5-foot mark directly over the 0 mark in the left hand, run more 
of the tape between the fingers of the right hand, and place 
the 10-foot mark over the 5-foot division. Continue this 
operation for the entire length of the tape, placing each 5-foot 
division over the preceding one. Then when the tape is held 
in the hand at the 5-foot graduations, it will fall in the 
approximate form of a figure 8. The tape can also be held 
conveniently at the center of the 8 as shown in Fig. 6. The 
tape can easily be uncoiled by releasing the loops one at a time 
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asrequired. Several coils should not be dropped at once, since 
then the tape is likely to become tangled. 

Cloth tapes should be used only in places where they can be 
kept clean and dry. They are easily broken and need careful 
handling. A break can be repaired by stitching on an extra 
piece. Pocket tapes may be employed in wet or dirty work. 
But, when exposed to the least bit of moisture, they should be 
wiped perfectly dry and then rubbed with some light oil, which 
will not stain the hands. They are fragile and break very 
easily; if run over by a vehicle or struck by an axe or stake, 
they are quite likely to be broken. 

Band tapes of suitable material can be injured only by gross 
carelessness. If they are pulled while looped, they are likely to 
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kink and break. They may be used all day in the rain and mud, 
and they only need to be hung where they will dry during the 
night. Still many surveyors prefer to clean them. 

Pocket and band tapes are mended by attaching an extra 
piece at the break with two rivets on each side of the joint or 
by soldering a sleeve over the broken portion. Care should 
be taken that the proper distance between the two adjoining 
marks is maintained and that the tape is kept straight. For 
splicing a tape in the field, for a few hours or even a day or 
two, a device consisting of a sleeve with a setscrew at each 
end is sometimes used. Since repaired instruments are seldom 
as good as before they were damaged, the utmost care should 
be used to avoid accidents. 


12. Although tapes have practically supplanted chains, 
the word chaining is still commonly used to describe the 
operation of measuring distances. The methods employed 
in measuring are stubstantially the same, no matter what style 
of tape is used, and, therefore, the term tape will here be used 
in its general meaning unless otherwise stated. Measure- 
ments are usually recorded in feet and decimals, but those 
taken with a tape graduated to links are given in chains and 
links. 


ACCESSORIES 


13. Plumb-Bobs.—A plumb-bob can be made by attach- 
ing any kind of a weight to the end of a string; when the weight 
is allowed to hang freely, the line of the string points toward 
the center of the earth and is vertical, or plumb. Typical 
plumb-bobs for surveying work are shown in Fig. 7. The type 
commonly used is shown in (a); it consists of a brass body a, 
into which are screwed the brass cap b and the steel point c. 
Part of the bob is shown in cross-section to illustrate the method 
of inserting and fastening the string. In view (b) is shown a 
steel bob which is suitable for work near walls or other surfaces 
and which has also the advantage that there is not so much 
surface exposed to the wind. The bob shown in (c) is made of 
iron, and is solid except for a hole in the top to allow the string 
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to be fastened. This style of bob is used only for very rough 
work. In all types of bobs, it is important that the bob should 
be exactly centered on a line through the point and the hole in 
the top where the string is inserted. The weight of bobs varies 
from about 8 ounces to 3 pounds. Light plumb-bobs sway in 
the wind while heavy ones are inconvenient to carry. A weight 
of 1 or 1} pounds is preferred by most surveyors. 

The cord for plumb-bobs should be fine and light but should 
be strong enough to resist a pull in excess of the weight of the 
bob. <A special plumb-bob string is manufactured. For very 
accurate work piano wire is often employed. 


14. Range Poles.—Wooden or steel poles or rods called 
range poles are placed at points to which measurements or 


(b) 


Fic. 7 


sights are taken when the point cannot be seen otherwise. 
When made of wood, they are usually 8 or 10 feet long, and are 
either circular or octagonal in section with a diameter of about 
l inch. A pointed iron shoe is attached to the lower end so 
that the rod can be stuck in the ground and will then stand 
erect without being held. Steel rods are 6 or 8 feet long and 
are usually hexagonal in section with a thickness of about 
Linch. They are pointed at the lower end so that they can be 
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stuck in the ground in any desired position. Both wooden and 
metal poles are divided into foot-long spaces painted alter- 
nately red and white to make them visible at a long distance. 
Often a piece of cloth is tied at the top of the pole to make the 
pole more easily seen and, therefore, range poles are sometimes 
called flagpoles, or simply flags, and the men who handle them 
are called fagmen. If it is desired to sight past the pole, the 
flagman should stand to one side; otherwise, he should stand 
behind the pole. Poles should be held as nearly plumb as 
possible. If the pole is not stuck in the ground it can be kept 
vertical by resting the point on the ground and balancing the 
pole between the fingers; if the pole is secured in the ground, it 
can be made to stand vertical by shifting it until it is parallel 
to a plumb-bob string held near it 


15. Marking Pins.—For marking temporarily the ends of 
measurements, where only the distance between certain points 
is needed, marking pins are used. These are slender rods of 
iron or steel about 12 or 14 inches long, pointed at one end and 
bent into aring at the other. They can be stuck in the ground 
where needed. When used in grassy or weedy ground, pieces 
of cloth are tied to the rings so that the pins can be readily 
found. 


16. Stakes and Monuments.—When the points set in 
chaining are to be used later, their location should be fixed. 
For permanent points, concrete or stone monuments are 
commonly placed in the ground with a cross mark chiseled in 
the top to indicate the exact point. If the location of the 
point is needed for a short time only, wooden stakes are driven 
and left in the ground. A definite point can be marked by 
a small tack in the top of the stake or by a small cross in pencil. 
Stakes must be suitably marked for identification, and for this 
purpose a specially prepared crayon, called keel, is commonly 
used. Often, to aid in identifying a point, an additional stake, 
called a witness stake, is placed near the point. 
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MEASURING DISTANCES 


METHODS OF CHAINING 


17. Distances.—Unless otherwise stated, when the dis- 
tance between two points on the earth’s surface is given, as on 
a map, the horizontal distance is meant. For example, if in 
Fig. 8 the surface of the ground is represented by the line 
AB, the distance from A to B is represented on a map as the 
length AB’ along the horizontal line A X, the line B B’ being 
vertical. Therefore, in surveying, the horizontal distance 
between A and B must be determined. 


18. Distances in surveying must be measured in a straight 
line, as well as horizontally, because a straight line between 
two points is shorter than any other line and always has the 
same length. Therefore, when a distance is measured, it is 
important to see that there are no bends or twists in the tape; 
if the measurement is made 
in several parts, the inter- 
mediate points should lie on 
the straight line between 
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19. Measuring on Level 
Ground.—Two men are necessary for all chaining; they are 
called the head chainman, or front chainman, and the rear. 
chainman, according to their positions in reference to the 
direction in which the measurement is being taken. If the 
tape is still on the reel, the head chainman takes the exposed 
end and walks ahead, while the rear chainman remains at the 
beginning of the line and holds the reel so that the tape 
unwinds. If the tape is coiled in 5-foot loops, the head 
chainman goes ahead with one end, while the rear chainman 
releases one loop at a time. A chain is undone by holding 
both handles in one hand and throwing it forcibly with the 
other hand so that the links will be free from each other. 
The chain should be thrown in the direction opposite to that 
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in which the measurement is to be made, so that when the 
head chainman takes one handle and drags the chain ahead, 
the rear chainman can stand at the point of beginning and 
straighten out any kinks in the chain as it is drawn past him. 

When almost all of the tape or chain has been drawn past, 
the rear chainman calls, ‘‘Chain,’’ and the head chainman stops 
and straightens out the tape. The rear chainman holds his 
end of the tape firmly at the stake or pin that marks the 
beginning of the measurement, and the head chainman holds a 
stake or pin at his end of the tape, keeping his body to one 
side of the line. The tape is then pulled taut, and the rear 
chainman, sighting along the line from the point he occupies 
to a range pole or some other object that determines the 
direction, signals to the head chainman to move to the right 
or left as required, until his stake or pin is on line. When the 
tape is taut and straight and the stake or pin held by the 
head chainman is on line, the rear chainman calls, “All right.”’ 
The head chainman then places the stake or pin in the ground 
and replies, ‘All right.’”” When the line to be measured is 
longer than one tape length, the operation is repeated as often 
as required. 

The length of any line can thus be determined by a series 
of measurements similar to that just described. For each 
measurement the rear chainman holds his end of the tape at 
the point marking the end of the last preceding tape length, 
and lines in the head chainman, who sects the next point ahead. 
When the end of the line is reached, the head chainman walks 
on past that point with the tape until the rear end is at the 
last stake or pin. He then returns, and the men measure the 
distance from the last pin to the end of the line. Sometimes 
the head chainman holds his end of the tape at the end of the 
line and the rear chainman takes the reading opposite the 
last pin, it thus being unnecessary for the head chainman to 
walk past the end of the line. The total length of the line will 
be equal to a number of full tape lengths, plus a single partial 
tape length at the end. In order to avoid mistakes in the 
number of full tape lengths, it is important to have a system of 
counting them by which the result can be readily checked. 
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20. When a stake is placed at each tape length, it is 
numbered so that the distance from the beginning of the line 
is shown. Thus the starting point is called 0, and when the 
head chainman has placed the stake at the end of the first 
tape length, he marks it with the figure 1. When the rear 
chainman arrives at this stake to start the second measure- 
ment he calls, ‘“‘“One;’’ the head chainman sets the next stake 
and, after announcing, ‘“‘Two,’’ so that the rear chainman can 
correct him if it is not the proper number, he marks the stake 2. 
This operation is repeated at each measurement and thus the 
distance to the last stake is always known. Then the length 
of the partial measurement at the end of the line can be added 
to the distance represented by the number of full tape lengths. 
For example, if the stake at the end of the last full 100-foot 
tape length is marked 8 and the distance from this stake to 
the end of the line is found to be 36 feet, the length of the line 
equals 8X 100+36 =836 feet. 


21. If chaining pins are used to mark the ends of measure- 
ments, it is convenient to use a set of eleven pins. When the 
head chainman starts, he carries ten pins, leaving the eleventh 
to mark the beginning of the line; or, if the starting point is 
otherwise located, the eleventh pin is left with the rear chain- 
man. Therear chainman pulls out each pin after the measure- 
ment from it has been taken. When ten pins have been set, 
the head chainman calls, ‘““Tally.’’ He then receives from the 
rear chainman ten pins with which to start again, the eleventh 
pin being left in the ground to mark the end of the tenth tape 
length. Each tally should be recorded, either by writing or 
in some other convenient manner. By counting the number 
of tallies and the number of pins in the possession of the rear 
chainman, exclusive of the one in the ground, the distance 
to the last pin is calculated; then the distance from the last 
pin to the end of the line is added. 

EXAMPLE 1.—A 100-foot tape is used and there have been 38 tallies, 


the rear chainman has 6 pins, and the distance from the last pin to the 
end of the line is 37.8 feet. Find the length of the line. 


SoLuTIoN.—Each tally represents 10 full tape lengths and each pin 
held by the rear chainman represents 1 full tape length. Hence, the total 


14 CHAIN SURVEYING 


number of full tape lengths equals 3X 10+6=36 and the distance to the 
last pin equals 36 X100=3,600 ft. Since the distance from the last pin to 
the end of the line is 37.8 ft., the length of the line equals 3,600+37.8 
=O 0dNes) Ltan eats. 


EXAMPLE 2.—What distance has been measured with a tape, 1 chain 
long, if 4 tallies have been recorded, the rear chainman has 7 pins, and the 
last partial measurement is 47 links? 


SoLution.—The 4 tallies represent 4X10 or 40 ch. and the 7 pins repre- 
sent 7 ch.; each link is .01 ch. and 47 links are .47 ch. Hence, the total 
distance equals 40+-7+.47=47.47 ch. Ans, 


22. Reading Tape for Partial Measurements.—In mea- 
suring a line by chaining, it is usually necessary at the end to 
take a measurement that is not a full tape length. In many 
cases, intermediate partial measurements are also required 
because of the impracticability of setting a point at the full 
tape length; for instance, the point may come in a stream or 
other inaccessible place. It is also common to locate various 
objects near a line by short measurements from points along 
the line. These points are seldom at the end of a full tape 
length. In general work, almost all measurements are partial 
tape lengths. 

The method of measuring a distance less than a full tape 
length is the same as for a tape length, except that the rear 
chainman holds some graduation at his point instead of the 
end of the tape. When a tape divided in links is used, 
the measurement is usually taken to the nearest link, and the 
number of links can be readily determined by counting from 
one of the 5-link graduations. For example, if the head 
chainman holds the zero end of the tape, and the point occupied 
by the rear chainman is near the third link past the 40-link 
mark the measurement is 40+38, or 438, links. If tenths of a 
link are desired, they can be estimated by eye; the value will 
be close enough, since these tapes are never used in accurate 
work. 

If the tape is graduated to feet, tenths, and hundredths 
throughout its length, the measurement to hundredths of a 
foot is read directly on the tape; if desired, thousandths of a foot 
can be estimated with a little practice. If a band chain, 
graduated to feet, and the end foot to tenths, is employed, the 
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rear chainman holds some foot mark at his point so that the 
end of the measurement falls within the end foot held by 
the head chainman, as shown in Fig. 9, where A is the end of 
the line to be measured. Then the head chainman reads the 
number of tenths, and, if desired, estimates the hundredths, 
from the end of the tape to the end of the measurement; and 
this value is subtracted from the number of feet indicated by 
the graduation held by the rear chainman. For example, 
suppose the rear chainman holds the 54-foot graduation at 
his point and the other end of the measurement falls between 
7 tenths and 8 tenths at the zero end of the tape, as in Fig. 9. 
If the head chainman estimates that the reading is 73 hun- 
dredths, the length of the measurement is recorded as 
54—.73, or 53.27 feet. 


23. Stations.—Important points on a survey line are 
called stations. These may be at the ends of tape lengths, as 
mentioned in Art. 20, or at such definite points as may be 


required for future reference. In the latter case they are 
marked permanently by stakes or monuments. Stations may 
be identified by giving them either letters or numbers, but the 
method generally used for referencing is to number stations 
according to the hundreds of feet they are distant from the 
starting point of the survey; these distances are measured 
along the line of the survey. Thus, the starting point is 
Station 0, a point 400 feet from the start is Station 4, and a 
point 1,200 feet from the start is Station 12. A point whose 
distance from Station 0 is not a multiple of 100 feet is marked 
by the number of the 100-foot station immediately preceding, 
plus the distance from that station to the point in question. 
For example, a point between Stations 5 and 6, and 47 feet 
from 5, is marked 5+47 and is called Station 5 plus 47. Its 
distance from Station 0 is 547 feet. 


EXAMPLE.—Find the distance in feet between Stations 3+76.4 and 
6+13.1. 
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SoOLUTION.—Sta. 6+13.1 is 613.1 ft. from the beginning of the line and 
Sta. 3-++76.4 is 376.4 ft. from the start. Hence, the distance between the 
given points equals 613.1—376.4= 236.7 ft. Ans. 


24, Measurement on Sloping Ground.—Very often the 
two points on the ground between which a measurement is 
taken, as A and B in Fig. 10, are at different elevations. One 
method of determining the horizontal distance from A to B is 
to measure between A and B with the tape held horizontally. 

In taking a horizontal measurement on sloping ground, three 
things must be considered: (1) The tape must be horizontal, 
as represented by line A’’B in Fig. 10; (2) the point A”, 
indicating the end of the measurement on the tape, must be 
vertically above point A on the ground; (3) the pull on the tape 
should be such that the stretch will be equal to the shortening 
of the length due to the fact that a tape or chain suspended 

only at the ends hangs in a 
B curve, or sags; the straight-line 
| distance between the ends is, 
therefore, less than the length 
_ of the tape. 

It is a common error to hold 

the down-hill end of the tape 

too low. To aid in judging when the tape is horizontal, 
lines on nearby buildings may sometimes be used. 

The end of the measurement is best transferred to the 
ground by means of a plumb-bob. Sometimes, a range pole 
held vertically is used instead of a plumb-bob, or a chaining pin 
is allowed to drop head downwards, but these methods are not 
accurate enough for careful work. The plumb-bob is held so 
that its point is close to the ground, but not touching it; when 
the tape is taut and horizontal and the end properly lined, the. 
plumb-bob string is released by the chainman and the pin or 
stake is placed where the point of the bob strikes the ground. 
If the wind is blowing, it is necessary to stand so as to protect 
the bob from its force. The bob can be stopped from swinging 
by a slight counter movement of the hand holding the string. 

‘Measurements are more easily made down-hill because then 
the rear chainman can hold his end of the tape firmly and the 
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head chainman can pull steadily; when measuring up-hill, the 
rear chainman must hold a plumb-bob over his point, and it is 
difficult to keep it steady while the head chainman is pulling 
on the tape. When measuring across a gully, much time will 
be saved if a measurement can be taken between points at the 
same elevation on opposite slopes. 


25. If the difference in elevation between two points a 
full tape-length apart is too great to permit the tape to be held 
horizontal, the measurement can be made by breaking chain. 
Suppose that, in Fig. 10, A and FB area tape length apart, but 
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Bis much higher than A. In sucha case, the distance A B is 
measured in sections by establishing intermediate points, such 
as C and D, as far apart as possible but preferably at distances 
that are multiples of 10 feet, as 40 feet or 70 feet. Then 
distance A B’ is the sum of distances A’C, C’D, and D’B. 
However, it is sometimes more convenient, especially when 
stakes are driven, to select the points on the line, as C and D, 
and then measure the distances A’C, C’D, and D’B. The 
method of measuring by breaking chain is illustrated in 
Fig. 11. The points on the ground, between which the mea- 
surement is taken, are A and B. The rear chainman holds a 
point of the tape at B and the head chainman holds a plumb- 
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bob over A. The distance recorded on the tape is the hori- 
zontal distance A C. 

When a line is being measured by breaking chain, mistakes 
in reading the tape and adding the distances will be avoided if 
the rear chainman holds the zero point of the tape at the 
beginning of the measurement, and then at each intermediate 
point, he holds the same graduation as the head chainman had 
when the preceding distance was measured. This operation is 
repeated until the required distance is found or the end of the 
tape is reached. It is then unnecessary to record the partial 
measurements prior to the end of the line. When pins are 
used to mark the intermediate points in measuring by break- 
ing chain, the rear chainman should keep only those pins that 
mark the full tape lengths; the others should be given back to 
the head chainman as soon as they are removed from the 
ground. 


26. If the ground is very steep, the horizontal measure- 
ments must be very short. Therefore, when the slope is uni- 
form, it is better to measure the distance along the surface as 
if the ground were level and to determine the angle of inclina- 
tion of the ground. (The method of measuring this angle 
will be described in another Section.) Then the horizontal dis- 
tance can be calculated by multiplying the inclined distance by 
the cosine of the angle of inclination; for example, in Fig. 10, 

AB'=AB wos (1) 

Sometimes the difference in elevation, or the vertical dis- 
tance, between the two points is known. Then it is unneces- 
sary to measure the angle of inclination, the horizontal dis- 
tance being found from the inclined distance and the vertical 
distance as follows: In the right triangle A B’B, Fig. 10, 
AB =AB’+BB, or AB’ =AB-—BB. Hence, 

AB'=NAB —BB (2) 


ExamPpLe 1.—A distance, measured along the ground, is 118 feet and 
the angle of inclination is 18° 12’. If the line is to be plotted on a map, 
what length would be used? 


SoLuTIon.—Distances on maps are horizontal and the horizontal pro- 
jection of an inclined line is found by formula 1. Then with Fig. 10 asa 
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diagram, A B=118 and H=18° 12’. Therefore, A B’=118Xcos 18° 12! 
=118X.950=112.1 ft. Ans. 
EXAMPLE: 2.—If the difference in elevation between two points A and 


B is 60 feet and the distance AB measured along the ground is 170.9 feet, 
what is the horizontal distance from A to B? 


SOLUTION.—The hypotenuse and one leg of a right triangle are known 
and, therefore, the length of the other leg can be found by formula 2. 


With reference to Fig. 10, AB=170.9 and B’B=60; then AB =29,207, 
B’B =3,600, and A B’ = V29,207 — 3,600 = V¥25,607 = 160.0 ft. Ans. 


EXAMPLES FOR PRACTICE 


1. The distance between two points, measured along the ground, is 
216.3 feet. If the ground slopes at an angle of 7° 39’ to the horizontal, 
what length should be used on a map in locating one point from the other? 

Ans. 214.4 ft. 


2. Find the horizontal distance between two points if the inclined 
distance between them is 411.8 feet and the difference in elevation is 81.5 
feet. Ans. 403.7 ft. 


3. A line was measured with a 200-foot tape; there were 2 tallies, the 
rear chainman had 8 pins, and the distance from the last pin to the end 
of the line was 19.4 feet. Find the length of the line. Ans. 4,619.4 ft. 


4, A 2-chain tape was used to measure a line; 3 tallies were recorded, 
the rear chainman had 5 pins, and the distance from the last pin to the end 
of the line was 81.1 links. What was the length of the line? 

Ans. 70.811 ch. 


ERRORS AND CORRECTIONS 


27. Sources of Errors.—-Errors in chained distances are of 
two classes: (1) errors that are due to faulty chaining and 
to natural conditions; and (2) mistakes in reading or recording 
measurements. The chief sources of errors of the first class 
are: (a) having the forward end of the tape off line or not 
having the tape horizontal; (b) having a pull different from that 
required to compensate for the effect of sag and of the wind; 
(c) careless plumbing; (d) incorrect length of tape, and (e) 
variation in temperature. Errors in reading or recording 
measurements may be caused by: (a) using the wrong zero 
point on the tape: (b) reading the wrong foot-mark, as 46.8 
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instead of 45.8; (c) reading in the wrong direction from a 
graduation, as 38 instead of 42 or 38.3 for 37.7; (d) reading the 
tape upside down, thus mistaking some figure, perhaps a 6 
for a 9 or vice versa; (e) transposing figures in recording, as 
71.23 instead of 72.13; (f) the note keeper misunderstanding 
the reading called by the chainman; and (g) mistakes in count- 
ing the full tape lengths. 


28. Preventing Mistakes.—The zero point of the tape 
should be carefully located before starting any measurement. 
Mistakes in reading the wrong foot-mark may best be avoided 
by looking at the foot-mark on each side of the reading; then 
it is certain between which two feet the reading must be. 
Similarly the possibility of reading in the wrong direction from 
a graduation is removed by noting the graduations on both 
sides of the reading. The transposition of numbers in record- 
ing is purely a mental slip and can be prevented only by exer- 
cising great care. 

Except when the head chainman is keeping the notes, he 
should call all readings distinctly and in such terms that there 
can be no doubt of the value. For example, the chainman 
calls ‘‘thirty nine three,’’ meaning 39.3, but the note keeper 
might write 30.93 if readings are taken to hundredths; also, 
“thirty nine three’ at a distance might sound like ‘‘thirty- 
nine feet.’’ Hence, 39.3 should be called ‘thirty-nine, 
thirty.” The note keeper should always call back the read- 
ing for the chainman’s approval before he records it, and if 
possible should repeat it differently. Thus, if the chainman 
gives a reading as “‘twenty five,” the note keeper could answer 
“twenty and a half’’ so that if the chainman meant 25.0 or 
20.05 the difference would be readily noticed. In order to 
avoid mistakes of this kind, the correct way to call the fol- 
lowing values is given: 20.05, ‘‘twenty, naught five;’”’ 20.5, 
“twenty fifty” or “twenty and a half;” 25.0, “twenty-five, 
naught” or “twenty-five feet, even.”” Mistakes in counting 
the tape lengths should not occur if the pins are handled cor- 
rectly or if the stakes are marked and the numbers called as 
previously explained. 
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29. Alinement.—The error in length due to the tape being 
not quite horizontal or not guite in the proper direction is 
very small. If one end of a 100-foot tape is held 1 foot out 
of line or 1 foot lower than the other end, the error in a tape 
length is about yg inch. Therefore, too much time should not 
be wasted in lining in the intermediate pins or stakes when 
measuring the line. However, if it is desired to take a 
measurement from an intermediate point on a line, that point 
should be lined in accurately. For example, the point C, 
Fig. 12, set on the line A B for the purpose of measuring 
distance C D, should be located carefully. 


30. Sag and Pull.—The pull required to compensate for 
the effect of sag depends on the length and the cross-sectional 
area of the tape. In general, a pull of about 10 pounds is best. 
The pull can be measured accurately by means of a spring 


balance attached tothe handle C 

at one end of the tape. The 4 ce ae: B 

proper pull for a given tape ne 

may be determined by measur- = 
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ing between two points that are 
a known distance apart. This refinement is necessary only 
in very accurate work. When a chain is used, it should be 
taut, but should not be pulled with so much force that the 
rings stretch. An experienced chainman can apply the proper 
pull by judgment. 


31. Correction for Erroneous Length of Tape.— The 
length ofa chain ora steel tape is altered by wear and distortion, 
and by changes in temperature. The length is increased when 
the temperature rises and decreased when the temperature falls. 
The length of a steel tape is specified at a given temperature, 
the change in the length of a 100-foot tape for a difference in 
temperature of 15 degrees Fahrenheit (15° F.) being about 
4 inch, or .01 foot. In accurate surveying the variation due 
to temperature must be considered. 

32. The permanent change in length in a 100-foot tape 
due to wear and distortion is sometimes as much as 3 inch. 
This shows the necessity of handling the tape carefully; if it is 
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caught, as in a stump, in a rail joint, or in any other way, pull- 
ing from the ends may stretch it. The length of a tape 
. should therefore be tested frequently, either by comparing it 
with a tape of standard length or by measuring between two 
points a known distance apart. It is advisable to have two 
such points marked permanently on a smooth pavement, curb, 
or some other convenient place. The length of a chain can 
be adjusted to the standard iength by means of the nuts or 
swivels on the handles. 

After a line has been measured, it is often found that the 
length of the tape is in error; the true length of the line must 
then be determined. For example, suppose it is required to 
calculate the true length of a line that was measured as 634.2 
feet with a 100-foot tape that was afterwards found to be .05 
foot too long. Since a 100-foot tape was used, there were 


ions or 6.342, tape lengths. But each tape length was .05 


foot more than 100 feet. Hence, the true measurement was 
6.342 X 100+6.342 X.05. In general, when the tape is too 
long, the correct distance equals the measured distance plus 
the number of tape lengths times the amount by which the tape 
exceeds its proper length. This statement may be expressed 
in a formula. 
Let T =true, or correct, distance, in feet; 
M=measured distance, in feet; 
L=tape length, in feet; 


and e=error in one tape length, in feet. 
ven, T=M4—* (1) 


If the tape is too short, similar reasoning will show that the 
correct distance is given by the equation 
Fog fae oe) 
L 
If the tape is too long, the true distance will be longer than 
the field measurement, while if the tape is too short, the true 
distance will be less than the recorded value. In using these 
formulas, other units, such as inches, chains, or meters, may be 
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employed instead of feet, but the units must be the same for 
all quantities in any one formula. 


EXAMPLE 1.—The length of a line measured with a 50-foot tape was 
recorded as 1,048.4 feet. It was afterwards found that the length of the 
tape was 50.03 feet. What is the true length of the line? 

SoLuTIoN.—The error e in one tape length equals 50.03 — 50.00 = .03 ft.; 
M=1,048.4 ft.; and L=50ft. Then, by formula 1, 


Me 1,048.4 .03 
T=M+~ -=1,048.4+ = 1, 048.4+. 0.6 = 1,049.0 ft. Ans. 


EXAMPLE 2.—The length of a line measured with a 66-foot tape was 
recorded as 19.89 chains. If the tape was 13 inches too short, what is the 
true length of the line? 


SOLUTION.—Since the measurement is in chains, e must likewise be 
expressed in chains. Then, the error e in each tape length equals 14 in. 


=1.75 in. =———. ch. = .0022 ch.; M=19.89ch.; and L=1ch. Hence, by 
12X66 
formula 2, 
Me 19.89 x .0022 
T=M— cian, 19.89 — ig ot =19.89—0.04=19.85 ch. Ans. 


33. When a given distance is to be laid off with a tape, 
the length of which is in error, the corrected measurement 
may be calculated as follows: Suppose that a distance of 
456.22 feet is to be measured with a 100-foot tape which is 
known to be .05 foot too long. If a tape exactly 100 feet long 

456.22 

100 

4.5622. Since each tape length is .05 foot too long, the actual 
length of the line if measured with the erroneous tape would be 
4.5622 x 100+4.5622*.05. When the tape is too long, the 
corrected measurement will therefore be obtained if, from the 
given distance, is subtracted the number of tape lengths 
times the error in each. This statement may be expressed in 
a formula. 


were used, the number of tape lengths would be 


, 


Let 7 =given distance, in feet; 
M =distance, in feet, to be measured with the errene- 
ous tape, to equal the given distance; 
L=tape length, in feet; 
and eé=error in one tape length, in feet. 
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i 
Then, Mis Stee (1) 


If the tape is too short, similar reasoning will show that 
the corrected measurement is given by the equation 


Te 
v= i= 2 
Dis (2) 


If the tape is too long, the corrected measurement will be 
shorter than the true distance, and formula 1 applies. If the 
tape is too short, the corrected measurement will be greater 
than the given value and formula 2 must be used. Asin the 
preceding article, other units may be employed instead of feet, 
provided that the units are the same for all quantities in a 
formula. 

EXAMPLE.—A city block 400 feet in length is to be measured with a 
100-foot tape that is 100.021 feet long. What distance should be laid off? 


SoL_uTION.—Here, the error e in one tape length equals 100.021 
— 100.000 = .021 ft.; T=400 ft.; and Z=100ft. Then, by formula 1, 
400 x.021 


lie, 
= T—— = 400— = 399.916 ft. Ans. 
Mile L 100 3} S 


34. Precision Required.—No survey can be made 
absolutely free from errors, but the allowable error varies 
with the kind of work. Since the accuracy with which 
measurements are taken affects the cost of the survey, the work 
should be done to give the desired degree of precision with the 
least expense. For land surveys where the value of the land 
is about $40 or $50 an acre, the permissible error in chaining 
may be as much as 1 foot in 1,000 feet; but if the land is worth 
about $500 an acre, the error should be less than 1 foot in 
2,000 feet. The error in measurements for engineering struc- 
tures is often limited to 1 foot in 10,000 feet. 

If the allowable error is 1 in 1,000, no refinements in chain- 
ing are necessary. The error can easily be made less than I 
in 5,000 if ordinary care is taken in lining, plumbing, and cor- 
recting for large errors in the length of the tape. To obtain 
results in which the error is less than 1 in 10,000, allowance 
must be made for variations in length caused by differences in 
pull and in temperature. 
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EXAMPLES FOR PRACTICE 


1. The length of a line measured with a 100-foot tape was recorded as 
1,946.2feet. Ifthe tape was .03 foot too short, what is the true length of the 
line? Ans. 1,945.6 ft. 


2. A line is measured with a 66-foot tape and its length is found to be 
8.94 chains. If the tape is .4 link too long, find the true length of the line. 
Ans. 8.98 ch. 


3. A certain line is to be laid off with a 100-foot tape that is 99.987 
feetlong. Ifthe required distance is 336 feet, what length should be laid off? 
Ans. 336.044 ft. 


FIELD PROBLEMS 


35. To Prolong a Line.—In Fig. 13, AB is a line that 
it is desired to prolong beyond its extremity B. Having 
marked A and B by vertical range poles at these points, the 
surveyor walks some distance back of A and places himself 
at a point P in line with A and B, by sighting to the pole at A, 


Fie. 13 


and stepping to the right or to the left until the pole at B is 
covered by that at A. Hethen directs a pole to be held beyond 
B and signals to the flagman until the latter has the pole in 
such position that it is covered by the poles at A and B. Let 
Q be the point thus determined. A pole being stuck at Q, 
the surveyor moves to A, and, sighting along 6 Q, lines in the 
flagman at a point K beyondQ. The process may be repeated 
and the line prolonged as far as necessary. The distances 
AB, BQ, OR, etc., should be as long as they can be conve- 
niently made. Steel poles are thinner than wooden poles and 
are therefore preferable. 


36. To Run a Line Over a Hill Between Two Points, 
Neither of Which Is Visible from the Other.—The points A 
and B, Fig. 14, are supposed to be invisible from each other 
because they are on opposite sides of a hill. A line can be 
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run between A and B, and intermediate points on the line can 
be set, as follows: One poleis placed at A and another at B; 
then two men with poles station themselves at points, as C and 
D, which they judge 

~ e to be in line and in 

pL ehees ~~ such positions that 


me ep ie the poles at B and D 
HL i “Gy are visible from C and 

Cy 
Ue ‘ i , the poles at A and C 
m Fre. 14 “ip, are visible from D. 


The man at C first 
lines in the pole at D between C and B, and then the man 
at D lines in the pole at C between Dand A. From his new 
position, the man at C again lines in the pole at D, and so on, 
until the pole at C is in line between D and A at the same 
time that the pole at D is in line between C and B. The 
points C and D are then in line with A and B, and any other 
points can be lined in between A and C, Cand D, or Band D. 


37. To Erect a Perpendicular to a Line at a Given Point. 
In a right triangle, the square of the hypotenuse is equal to 
the sum of the squares of the legs. Therefore, since 5? 
= 3?+4? a triangle having sides proportional to the numbers 5, 
3, and 4 is a right triangle with the right angle opposite the 
longest side. For example, if, in Fig. 15 (a), B C=30 feet, 
BD=40 feet, and C D=50 feet, then BC D is a right triangle 


44 fr//| 40 7. 
y g 
A 
Cc 630 B 94 ft 0 
(a) c (b) B 
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and B Dis at right angles, or perpendicular, to AB. Hence, 
to run a line from point B perpendicular to the line AB, 
locate point C on line between A and B and 30 feet from B. 
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If one man holds the zero mark of a 100-foot tape at point B 
and another holds the 90-foot mark at point C, a third, holding 
the 40-foot mark, can locate point D at that mark by moving 
about until both parts of the tape are taut; for, since BD 
= 40 feet and C D=90—40=50 feet, B D is then perpendicular 
to AB. However, a steel tape cannot be bent to a sharp 
angle, as would be necessary at D. For this reason, the work 
must be done in the following manner: One man holds the 
zero mark at point B, but the second man, instead of holding 
the 90-foot mark at point C, holds the 938-, 94-, or 95-foot mark 
at that point. The extra 3, 4, or 5 feet is allowed to form a 
loop at D, as shown in (b), in order to avoid a sharp bend in 
the tape. If, as indicated in (b), the man at point C holds 
the 94-foot mark on 
the point, the man 
at D holds the 40- 
foot and the 44-foot 
marks together, with 
the part of the tape 
between 40 and 44 
feet in the form of a 
single loop; if the 93- 4 
foot mark is held igs 
at C, the 40- foot and siete 
43-foot marks are brought together at D-so that the length 
of the line C D is 50 feet. 

The distances BC, BD, and CD may be any multiples 
of 3, 4, and 5, but the distance BD should be as long as 
possible to give the best indication of direction; with a 100- 
foot tape, the lengths 30, 40, and 50 feet are most convenient 
for the sides of the triangle. 


38. To Drop a Perpendicular to a Given Line From a 
Given Point.—In Fig. 16, let it be required to drop a perpen- 
dicular to the line AB from the point P. First, select by 
judgment a point C on AB where it seems that the perpen- 
dicular will meet AB. Then at C erect a perpendicular to 
AB by the method described in the preceding article; make 
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this perpendicular long enough to extend beyond P, as to R. 
Next, measure the distance P D from P to C R; in measuring 
this distance, D should be on the line CR, but since PD will 


Cc Fic. 17 D 


be short, its direction can be determined by eye with sufficient 
accuracy. Finally lay off CE equal to PD. Then PE is 
the desired perpendicular. 


39. Through a Given Point, to Run a Line Parallel to a 
Given Line.—Let AB, Fig. 17, be a given line to which a 
parallel through the point P is to be run. First, drop a per- 
pendicular from P to AB by the method described in the 
preceding article; let C be the point where this perpendicular 
meets AB. Measure GP. :At any other. pont, mathe 
line AB, erect a perpendicular to the latter line, and measure 
on this perpendicular a distance DQ, equal to CP. A line 
through P and Q will then be the required parallel. 


40. To Determine the Angle Between Two Lines.—In 
Fig. 18, AD and AE are two lines on the ground, forming an 
angle at A, the value of which is required. To find this angle, 
lay off along AD and AE the equal distances AB and AC, 
and measure the dis- 
tance BC. Then the 
angle DAE is calcu- 
lated from the relation 


1BC 
AB 


The derivation of this 
equation is as follows: The triangle BAC being isosceles, the 
perpendicular AH on BC bisects both the angle DAE 
and the base BC; that is, BAH=} DAE, and BH=i BC. 


sin DAE= 
2 


E 


Fic. 18 Cc 
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Then in the right triangle BAH, sin BAH=—— thaveis, 


x BC 
AB 

The value of } DAE may be found from a table of natural 
sines; the result multiplied by 2 is the angle DAE. For con- 
venience in the calculation, the distances AB and AC should 
be made 100 feet. 


Exampie.—tIf AB and AC, Fig. 18, are each 100 feet long and BC 
measures 57.6 feet, what is the value of the angle D A E? 


sin E Au 
2 


SOLUTION.—When the values of A B and BC are substituted in the 


iG 

equation, sin 4 ae 
57.6 
sin 4 DA E= a2 


= .28800 


Then, 1 DA E=16° 44’ fee the nearest minute) and DA E=2X16° 44’ 
=33° 28’. Ans. 


41. To Lay Out an Angle.—From the line AB, Fig. 19, 
let it be required to lay out an angle BAC less than 90°. 
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Lay off any convenient distance AD on AB, and at D erect a 
perpendicular to AB. On this perpendicular, lay off DE 
equal to AD tan BAC; and join A with E. Then DAE is 
the required angle. 

If the angle is between 90° and 180°, the line AB is pro- 
longed to K; then from AK, an angle is laid off equal to the 
difference between 180° and the given angle. For instance, 
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the angle BA/ is laid off by erecting the perpendicular K J 
and taking the distance K J equal to AK tan (180°—BA/). 

If there are several angles at A not far from 90°, it will be 
found more economical in the field to erect a perpendicular 
AF first. If an angle is less than 90°, as BAT, lay off HI 
equal to AH tan (90°—BATI); then AI is a side of the 
required angle. If an angle is more than 90°, as BAG, lay off 
HG equal to AH tan (BAG—90°); then AG is a side of the 
required angle. 

For convenience in computing, the distance AD, AK, or 
AH should be chosen 100 feet, except when it makes the 
offset DE or J K too large. In suchacase, AD, AK, or AH 
may be reduced to 50 feet, or perhaps 20 feet. 

EXAMPLE 1.—If the angle BAG, Fig. 19, is 114° 45’, and the distance 
AH is 100 feet, what is the length of the perpendicular HG to be laid off 
from AF in constructing the angle BAG? 

SoLuT1on.—The angle FAG equals 114° 45’—90°=24° 45’, and HG 
=100 tan 24° 45’=46.10 ft. Ans. 

EXAMPLE 2.—What is the length of the perpendicular KJ, Fig. 19, 


to be laid off from A K in order to make the angle B A J equal to 152° 30’, 
the distance A K being 100 feet? 


SoLuTion.—The angle K A J equals 180°—152° 30’=27° 30’. There- 
fore, K J=100 tan 27° 30’=52.1 ft. Ans. 


42. To Prolong a Line Through an Obstacle.—Suppose 
that the line A B, Fig. 20, is to be prolonged and that an 


obstacle K, such as a building, makes it impossible to produce 
the line by a direct sight on poles held at A and B.’ Under 
such circumstances, the line A B is run to a point C as near 
the obstacle as possible. At points C and M on the line A B, 
perpendiculars are then erected; the distance CM should be 
made equal to 30 or 40 feet for convenience in erecting per- 
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pendiculars by the method explained in Art. 87. Along 
these perpendiculars equal distances MD and CE are laid off, 
of such length that a line through D and E will clear the 
obstacle; the line through D and E is then parallel to AC. 
Next, the line D E is prolonged and on it are located point F, 
just beyond the obstacle, and point G, 30 or 40 feet from F. 
Finally, perpendiculars to DE are erected at F and G, and 
on these perpendiculars, the distances FH and GI are laid off 
equal to MD and CE. The points H and I are then in the 
prolongation of AB; and any point such as P can be located 
on line with A and B by lining in with poles at H and I, as 
explained in Art. 85. The distance C H is equal to EF, 
which may be measured if required. 


43. To Determine the Distance Between Two Points, 
Each of Which is Invisible From the Other.—In Fig. 21, 


the points A and B are separated by an obstruction which 
makes each invisible from the other. A convenient method of 
determining the distance between these points under such 
circumstances is as follows: From one of the points, as A, 
a line AD’, called a random line, is run so that it passes as 
close as possible to the obstacle. Next, from B a line BD 
perpendicular to AD?” is laid off, and the distances AD 
and BD are measured. Then in the right triangle ABD. 
AB’ =AD'+BD', or AB= VAD +BD. 

As an example, let AD be 206.1 feet and BD, 35.1 feet. 

Then A B= V206.12+35.1?=209.1 feet. 


44. To Determine the Distance Between Two Points 
When One is Inaccessible.—Let it be required to determine 
the distance between points B and P, Fig. 22, which are 
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separated by a river. First, select any point C from which 
both B and P are visible, and measure BC. Then take a 
point A on line with P and B, and run line A D’ parallel to 
BC by the method described in Art. 39. On the line A D’, 
locate D on line with P and C. 
Finally measure the distances 


te ABand AD. Then, 
em 8S 
= ——— BP= ABXBC 
C. \B___E The derivation of this equa- 
F 4 tion is as follows: Draw AE 
aueey’ : / parallel to DP and _ intersect- 
D 


A ing CB produced at &. Then, 


Pte, 22 the angles of the triangle BCP 
being equal to those of the triangle A B E, these two triangles 
ares B BA 
are similar; therefore, —— =——, or 
BB ae 
BP= ABXBG 
BE 
Since BE=A D—BC, 
BP= ABXBC 
AD—EBG 


EXAMPLE.—Find the distance BP, Fig. 22, if BC=100 feet, AB 
= 652.4 feet, and A D=124.2 feet. 


SOLUTION.—By the formula, 
ABXBC _ 52.4X100 


BP= = 
AD—BC 124.2—100 


=216.5 i.) Anse 


EXAMPLES FOR PRACTICE 


1. If, in Fig. 18, A B and AC are each 100 feet and BC is 64.8 feet, 
what is the value of the angle DA E? Ans. 37° 48’ 


2. If the distances A B and AC, Fig. 18, are each 120 feet and the 
distance BC is 96.7 feet, what is the value of the angle DA E? 
Ans, 47° 32’ 


3. If the angle B A J, Fig. 19, is to be 56° 30’, and the distance 4 H, 
80 feet, what should be the length of the perpendicular HJ? Ans. 53.0 ft. 
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4. Ifan angle BA J, Fig. 19, is to be constructed equal to 156° 15’, 
what must be the length of the perpendicular JK, when A K is equal to 
100 feet? Ans. 44.0 ft. 


5. If, in Fig. 21, A D=192.5 feet and BD=12.6 feet, what is the 
distance from A to B? Ans. 192.9 ft. 


6. If the distances CB, AB, and AD, Fig. 22, are, respectively, 
75, 42, and 103 feet, what is the distance B P? 
Acisw ll 2 eri 


CHAIN SURVEY OF A CLOSED FIELD 


FIELD WORK 


45. Preliminary Examination.—The first step in the sur- 
vey of a field is to find the marks and monuments at the corners. 
For this purpose the assistance of the owners of the field and of 
the neighboring property will be valuable. The tract should 
then be studied carefully with a view of finding the best method 
of making the survey. 


46. Measurements.—In the survey of a field, the lengths 
of the sides are always required and the locations of important 
objects are usually necessary. The measurements for locat- 
ing these objects from a side of the field are made at the same 
time as the side is being measured, as will be explained later. 

If the boundaries are straight lines, the measurements are 
made by the methods previously described. In the case of an 
irregular boundary line, such as G NA, Fig. 23, which is the 
edge of a stream, one or more straight lines are run as close 
as possible to the boundary. From these auxiliary lines, 
perpendicular measurements, called offsets, are taken to those 
points on the boundary where any considerable change in 
direction occurs. 

Thus, in Fig. 23, the straight survey line GA is run close 
to the shore line GNA. The distances GH, GJ, and GL and 
the offsets HI, JK, and LM are measured and recorded 
in the notebook while the lineG A is being run. It will beseen 
that all distances along a main or auxiliary line for taking 
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offsets are measured from the beginning of the line. For 
instance, instead of taking the distances GH, HJ, and JL, 
the distances GH, GJ, and GL are recorded. The parts 
GI, IK, KM, and MA of the boundary being nearly straight, 
the portion of the field between the straight line GA and the 
irregular line GNA is divided so as to form approximately 
the right triangles GH I and LMA, and the trapezoids 
PKS and {iA 

It is often difficult to measure directly along a line, as 
when a boundary is marked by a fence. In such cases, an 


676 ‘ 
y 567 SC 


offset of 3 or 4 feet is measured at each end of the line and the 
distance between the ends of these offsets is taken and recorded 
as the length of the line. The directions of such short offsets 
can be estimated by eye with sufficient accuracy. 


47. Dividing a Field Into Triangles.—In order to make a 
plot of a field like that shown in Fig. 23 and to calculate its 
area, the field is divided into triangles by means of diagonals, 
which are measured on the ground. The surveyor should use 
his own judgment as to the best and most convenient diagonals 
to measure. He should avoid using diagonals that make 
triangles with very acute or very obtuse angles. Thus, in 
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Fig. 23, DG is a better diagonal to use than BF. Extra 
diagonals should be measured occasionally to check the work. 


48. Tie-Lines.—Obstacles often make it impossible to 
measure directly the diagonals of a field. In such cases, their 
lengths may be determined by the methods described in 
Arts. 42, 43, and 44, or by the process illustrated in Fig. 24, 
which represents a field ABCDE in which the diagonals 
BDand BE cross a pond, and cannot, therefore, be measured 
directly. If the sides BA and EA are produced to F and G, 
in such a manner that AF and AG are proportional to AB 
and ABE, respectively, the triangle FAG is similar to BAE. 


Then the ratio of BE to FG is the same as that of AB to AF 
andof AEto AG. Forconvenience, the distances A F and AG 
should be made some simple fractional part of AB and AE, 
such as 34, 4, or 3. Then, BE will be 2, 3, or 4 times the dis- 
tance FG. 

For example, suppose that the sides BA and EA are 320 
feet and 304 feet, respectively, and that AF, in the prolonga- 
tion of BA, is made equal to} A B, or }X320=80 feet. Then, 
the distance AG, in the prolongation of EA, must be laid 
off equal to } AF, or }X304=76 feet. In this case, FG 
will be 4 BE, or BE will be equal to 4 FG; if the length 
of FG is found to be 107 feet, the length of BE equals 4107 
= 428 feet. 
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Instead of constructing a triangle such as AFG by produc- 
ing the lines AB and AE, a triangle AF’G’ may be laid off 
inside the tract. If AF’ and AG’ are made proportional to 
AB and AE, respectively, the line F’G’ will be in the same 
proportion to E Bas AF’ isto AB, oras AG’ isto A E. 

Such lines as FG and F’G’ are called tie-lines because they 
tie the sides together. The length of the diagonal BD cap 
be determined by means of tie-lines in a similar manner. 


49. Location of Objects.—It is often desirable to locate 
important objects, such as buildings, roads, fences, ete., with 
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reference to the main lines of a survey. Points very near the 
main line are most easily located by measurements along the 
line and perpendicular distances, or offsets, from the line. 
The points along the main line from which the offsets are to 
be measured can be determined by eye while the line is being 
run, and can be marked on the ground temporarily. The 
distances from the preceding corner and the lengths of 
the offsets should be measured and recorded. In Fig. 25, the 
point W may be located from AB by measuring the distance 
AO and the perpendicular offset OW’. 

When a point is so far from the main line that the direction 
of the perpendicular offset cannot be estimated accurately 
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by eye, the method by a perpendicular offset is not conve- 
nient. In such a case, the point is located best by measuring 
the distances from two suitable points on the main line. For 
instance, in Fig. 25, the house corner I can be located by 
measuring the distances IF and JF. The directions of the 
sides of the house can be conveniently determined by taking 
the point J in the prolongation of FG. 

A rectangular object can be referenced by locating two 
corners and measuring the dimensions of the object. For the 
building EFGH in Fig. 25 the point F can be located from 
AB, E can be located by distances from F and L, and Gand # 
can be determined from FE and F by measuring the dimen- 
sions of the building. 

The direction of a straight line is determined by locating 
two points on it. For instance, a straight fence or road is 
located when two points on it are known. Thus, the fence 
FK, Fig. 25, may be referenced by locating the points F and 
N; F may be located from AB, as previously explained, and 
N may be located when the line B P is being measured. 

Corners of a field and other important stations should be 
witnessed or referenced by measurements to nearby objects, such 
as trees and corners of buildings, which are permanent and 
easily found. The purpose is to aid the surveyor to rerun 
his line, if necessary. He can thus either find or replace all 
important points. 


50. Keeping Notes.—The notes, or record, of a chain survey 
are usually kept in an ordinary field book, commonly called 
a transit book, which fits in the pocket. The left-hand page of 
the notebook is ruled in six columns, as shown in Fig. 26. 
In one column are written the letters or station numbers by 
which the corners or important points are designated. Hort- 
zontally opposite each letter or number, in the next column, is 
recorded the distance of the point from the corner immediately 
preceding it. As only two columns of this page are needed, 
the fourth and fifth columns are used for this purpose, so as 
to bring them nearer the right-hand page, and to leave plenty 
of space to the left for remarks. 

IL T 418B—4 
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The right-hand page is ruled in blue with a vertical red line 
at the center. This page is used for sketches and remarks. 
The survey line is commonly represented by the red center 
line. In case more room is needed for sketching, the line 
being run may be drawn on one side of the center line of the 
page and parallel to it. On this page are noted also the date 
and location of the survey, the names and positions of the 
different members of the party, and any other remarks that 
the surveyor may deem necessary and useful. In sketching, 
it is better to face in the direction in which the line is being 
measured, and to represent the line as running from the bottom 
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toward the top in the notebook. For this reason, nearly all 
surveying notes read upwards from the bottom of the page. 

The notes given in Fig. 26 are for part of the field the boun- 
daries of which are represented in Fig. 28. The survey is 
supposed to have begun at A, from which the line was run to 
B, then to C, etc. The number 536.6 opposite B, denotes the 
distance from A to B; the distance from B to C, 314.2, is 
recorded opposite C; and so on for the other corners. The 
numbers between corners, as those between B and C, are 
the distances from the corner immediately preceding to the 
points directly opposite in the sketch. Thus, 230 and 253 are 
the distances from B to the points on BC where offsets were 
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taken to the corners b and c of the dwelling indicated in the 
sketch. In locating a road, measurements are usually taken 
to the center line of the road instead of to one edge; thus, the 
distances 87 and 49 are to the center of Marshall road. On 
the right-hand page the survey line CD is represented by the 
vertical line to the left of, and parallel to, the line at the center 
of the page. 

Notes should be full and plain, and should be kept as neatly 
as possible. The surveyor should keep his notes in such a 
manner that they can be readily understood, not only by 
himself, but by any one having a knowledge of surveying. 
This is especially necessary when the notes are not to be 
plotted by the same person who takes them. The pages of 
the notebook should be numbered. All corners and impor- 
tant stations should be fully described. If these points are 
mentioned in another survey, reference should be had to that 
survey. 


OFFICE WORK 


51. Plotting the Notes.—As a map shows the relative 
positions of points on the ground, the length of any line on 
the map is proportional to the length of the corresponding line 
on the ground. The distance on the ground represented by a 
unit distance on the map is called the scale of the map. For 
example, if 1 inch on the map represents 100 feet on the 
ground, the scale is said to be 100 feet to the inch, or 1 inch = 100 
feet; if 1 inch on the map represents 500 feet on the ground, 
the scale is 1 inch = 500 feet, etc. Since 100 feet equals 100 X12, 
or 1,200, inches, a scale of 1 inch=100 feet is the same as a 
scale of 1 inch =1,200 inches; such a scale is, therefore, often 
called i t0 1,200. Similarly, a scale of 1 inch=500 feet, or 
6,000 inches, is sometimes called 1 to 6,000. 

For convenience in plotting distances to a given scale, a 
graduated rule, known as an engineer’s scale, is commonly used 
by surveyors. These scales are usually made of boxwood, are 
12 inches long, and are triangular in shape, as shown in Fig. 27. 
Flat scales, 6 inches long, are also made for convenience in 
carrying in the pocket. The scale shown in Fig. 27 has six 
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systems of graduations, one on each side of each edge; ith as, 
therefore, a combination of six scales. Each scale is so divided 
that the number of divisions in 1 inch is a multiple of ten, 
this number being indicated by large figures in 
the center of the scale; thus the numbers 10 
and 50, Fig. 27, indicate that the scales are 
divided to tenths and fiftieths of aninch. Every 
tenth graduation mark is long, and the number 
of long graduations from the zero of the scale is 
shown by the figures. Hence, the number 32 on 
the 50-scale indicates a distance of 32X10, or 
320, divisions from the zero of the scale; the 
actual distance in inches is unimportant. 


52. The best scale to use in plotting a field 
is determined by the size of the field and the 
purpose of the map. If ascale of 1 inch=10 
feet, 1 inch=100 feet, or 1 inch=1,000 feet is 
‘ chosen, the 10-scale will be most convenient, 
since then each small division will represent 
1 foot, 10 fcet, or 100 feet, respectively. For 
a scale of 1 inch=40 feet, 1 inch =400 feet, etc., 
the 40-scale is best; then each small division is 
1 foot, 10 feet, etc. Readings to smaller values 
can readily be made by estimating parts of a 
division. 

Suppose that a scale of 1 inch=200 feet is 
used, and it is desired to lay off a line 283 feet 
long. Evidently, the 20-scale is best; then each 
small division represents 10 feet, and each long 
graduation indicates 100 feet. With the zero of 
the scale, A in Fig. 28 (a), opposite the begin- 
ning of the line, the graduation opposite the 
number 2 on the scale indicates 200 feet. The 
point B at the end of the measurement is then 
located 8.3 divisions beyond that long graduation, the decimal 
part of a division being estimated by eye. Suppose again 
that a line drawn to a scale of 1 inch=600 feet is measured 


CHAIN SURVEYING 41 


with the 60-scale; in this case, also, each division represents 
10 feet, and each long graduation indicates 100 feet. With the 
zero of the scale, A in Fig. 28 (b), at the beginning of the line, 
the distance to the end of the line, at B, is found as follows: 
The numbered graduation just before B is 12 and the 
unnumbered long graduation between 12 and B is 13, which 
indicates 1,300 feet. Then, since the point B is exactly oppo- 
site the fourth division past the long graduation, the distance 
from that mark to Bis 40 feet. Hence, the length of the line 
AB is 1,300+40 or 1,340 feet. 


53. A plot of the field represented in Fig. 23 would be 
constructed in the following manner: Any line of the plot 
may be drawn first, but it should be so located that the map 


will come within the mi R 
‘limits of the paper 
and be approximate- 
ly ean’ the center. 0 (BES 
The proper position 

: A B 
can be determined 
by inspection of the 
sketch and the ‘ Se a 6 (by) 8 he ame, 
notes. In the pres- 
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ent case it will be 
assumed that the line FG is drawn first; its length is made equal 
to 567.6 feet to the scale selected for the map. Then from 
F and G as centers, and with radii representing 219.1 and 
588.7 feet, respectively, two arcs are described; the point 
of intersection locates point D on the map. Point E can 
be located by describing arcs from F and D; point B can be 
determined from G and D; and the other corners can be 
located in a similar manner from points previously found. 
Then the boundaries of the field are obtained by drawing 
straight lines between the points, or corners. The plot should 
be checked by the extra measurements made in the field and 
not used in locating the corners on the map. 

After GA has been plotted, the points on the irregular 
boundary GNA are located by laying off distances GH, 
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GJ, and GL, and erecting perpendiculars HJ, JK, and LM, 
having the proper lengths. By drawing a freehand line 
through points G, I, K, M, and A, and making the parts 
between these points nearly straight, the irregular boundary is 
determined. 


54. Calculating the Area.—The area of a field is obtained 
by calculating the areas of the triangles and trapezoids into 
which the field has been divided and then taking the sum of 
these partial areas. 

When the lengths of the three sides of a triangle are known, 
its area can be found by the formula, 


S=s(s—a) (s—b) (6-2) ~— (D) 


in which S=area in square feet; 
a, b, and c=lengths of sides, in feet; 
a+b+ec 
and s= eee a 


When the parallel bases of a trapezoid and the perpendicular 
distance between them are known, the area can be calculated 


by the formula 
rade!) 


in which T =area in square feet; 
m and n=parallel bases, in feet; 
d=perpendicular distance between bases, 
in feet. 


The area in square feet can be changed to acres by dividing 
by 43,560, since there are 43,560 square feet in an acre. 


EXAMPLE 1.—Find the area of the triangle BC D in Fig. 23. 


SOLUTION.—Here, the three sides are a=303.6 ft., b5=298.3 ft., and c 
a+b+c 916.1 
=ol4.2 ft. Then, Se ey s—a=154.5, s—b=159.8, 


and s—c=143.9. By formula 1, the area of the triangle equals 


S= V458.1 Xx 154.5 X 159.8 X 143.9 = 40,340 SQ otumeamse 


_ Nore.—In computing an area from measurements which are not very accurate, four 
significant figures are sufficient. : 


EXAMPLE 2.—Find the area of the trapezoid HI K J in Fig. 23. 
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SoLuTIoN.—Here, M=102 ft., n=71 ft., and d=257—69=188 ft., 
Then, by formula 2, 


102+71 
T= 1ss( bs 


) =16,262 sq. ft. Ans. 


EXAMPLES FOR PRACTICE 
1. Find the area of the triangle DE Fin Fig. 23. Ans. 26,070 sq. ft. 


2. Find the area of the trapezoid JK M L in Fig. 23. 
Ans. 22,657 sg. ft. 
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LEVELING 


DIRECT LEVELING 


INTRODUCTION 


DEFINITIONS 


1. Vertical Lines.—A line in the direction of a plumb-line 
is vertical. For ordinary purposes it is convenient to assume 
that the earth is a true sphere with a smooth surface, and 
that a plumb-line held at any point on its surface is always 
directed toward the center of the sphere. Thus, if O, Fig. 1, 
is the center of the earth and A 
and B are two points on the 
earth’s surface, then a vertical 
line has the direction OA at A 
and OB at B. 


2. Level. Surfaces.—A sur- »/ 
face, which at each point is at : 
right angles to the direction of 
a plumb-line at the point, is a 
level surface; a line in such a 
surface is a level line. Every 
level surface is, therefore, as- meat 
sumed to be a part of a sphere having its center at the center 
of the earth. Thus, in Fig. 1, the circle ABC, representing 
the earth’s surface, and the circle A’ B’C’, representing a level 
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surface, have the same center O. It should be kept in mind 
that a level surface is not a plane. 


3. Elevations.—The vertical distance of any point above 
or below some level surface, adopted as a base for reference, 
is the elevation of the point with respect to the base. The 
base, or reference, surface is generally called a datum. 


4. Leveling is the operation of determining the elevations 
of a series of points. 


5. Horizontal Surfaces.—A horizontal surface at any 
point is a plane that is tangent to a level surface at that point; 
a line in such a surface is a horizontal line. A horizontal 
surface is perpendicular to a plumb-line at the point where 
it is tangent to a level surface. For example, in Fig. 1, 
HH represents a horizontal surface at the point A, and H’H’ 
represents a horizontal surface at B. Since the radius of 
curvature of the earth’s surface is very great, a horizontal 
surface and a level surface will very nearly coincide for a con- 
siderable distance in every direction from the point of tan- 
gency. Hence, any reasonably short horizontal line may for 
ordinary purposes be considered to be a level line, and is 
commonly so considered. There are cases, however, in which 
the curvature of the earth’s surface cannot be neglected. 


6. Sea Level.—A datum may be an imaginary surface or 
the actual surface, commonly called sea level, which is the 
surface of the sea exactly midway between high and low 
tides. Sea level is the datum most generally used because it 
is the same at all points on the earth’s surface and, therefore, 
furnishes a universal standard. The elevation of a point with 
respect to sea level is commonly termed its altitude. 


METHODS OF LEVELING 


7. Elevations are determined by three general methods, 
which differ with regard to the principles involved and the 
instruments and processes employed. They are: (1) Direct 
leveling, sometimes called spirit leveling, and also designated as 
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gravity leveling; (2) trigonometric leveling, also known as 
indirect leveling; and (8) barometric leveling. 


8. Direct leveling is the method of determining the eleva- 
tions of points by measuring their vertical distances above or 
below a level line or a series of level lines. The device uni- 
versally used for determining when a line is level is the spirit 
level, described later, from which fact this method of leveling is 
often called spirit leveling. The name gravity leveling is also 
sometimes employed because a level line is always at right 
angles to the direction of gravity. Direct leveling is the 
method used when a high degree of accuracy is required, 
and it is also employed when conditions make it more con- 
venient than the other methods. 


9. Trigonometric leveling is a method of determining the 
difference in elevation between two points by measuring the 
horizontal or the inclined distance between them and determin- 
ing the angle between a horizontal line and the inclined line 
that joins the given points. The required difference in 
elevation is then one leg of a right triangle in which one acute 
angle and the other leg or the hypotenuse are known. It is 
a convenient method to use when the elevations of principal 
stations only are required. If carefully done, it is almost 
as accurate as direct leveling. Trigonometric leveling requires 
the measurement of angles, and is treated in the Section on 
Transit Surveying. 


10. Barometric leveling is a method of determining the 
approximate difference in elevation between two points by 
measuring the difference between the atmospheric pressures at 
the points. 


4 LEVELING 
THE ENGINEERS’ LEVEL 


TYPES OF LEVELS 


11. The instrument most extensively used in leveling is 
the engineers’ level. It consists essentially of a telescope, hav- 
ing a very accurate spirit level attached longitudinally. The 
telescope is supported at the ends of a straight bar, which is” 
firmly secured at the center to a perpendicular axis on which it 
revolves. The whole is supported on a tripod. 

There are two general classes of engineers’ levels: the wye 
level, also written Y level, in which the telescope rests in Y- 
shaped supports from which it can be removed; and the 
dumpy level, in which the telescope is rigidly attached to the 
bar supporting it. 

The wye level is preferred by American engineers for ordi- 
nary work because of the ease with which it can be adjusted. 
The simple dumpy level is seldom used in America; but for 
very accurate work a form of the dumpy level, known as the 
precise level, has been found superior to the wye type because 
it has few movable parts and does not get out of adjustment 
easily. 


THE WYE LEVEL 


12. Description.—An engineers’ wye level is shown in 
Fig. 2. The telescope a b, having attached to it an accurate 
and sensitive spirit level c d, rests in the Y-shaped supports 
e and f, in which it is held firmly by semicircular clasps, com- 
monlycalledclips. The clips are hinged at one end, and, passing 
over the telescope, are held at the other end by small pins; 
the pins can be removed, and in order that they should not 
be lost, they are fastened to the supports by short cords. 
When the clips are open, the telescope can be turned in its 
supports so that the spirit level is no longer directly beneath 
the telescope. When the instrument is in use, however, the 
telescope must be prevented from turning. For this purpose, 
various devices are used; sometimes a small projection on 
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the telescope bears against the stop-piece g but the best method 
is to have pins’ on the clips fit in holes in the top of the 
telescope. 

The Y-shaped supports, or wyes, are distinguishing features 
of this form of level and from them the instrument derives the 
name wye level. The lower ends of the wyes pass through the 
ends of the horizontal bar h1, called the level bar, and are adjust- 
able vertically by means of the capstan-pattern nuts 7, which 
bear against the upper and lower surfaces of the bar. The 
bar hi is attached rigidly to a center, or spindle, which 
turns in the socket k. A collar /, which is connected to the 
level bar by means of a projection from the bar, revolves on 
the socket. When the clamp screw m, which is part of the 
collar, is loose, the telescope can be rotated in a horizontal 
plane. The instrument can be secured against rotation by 
tightening the screw m, which then holds the collar fixed on 
the socket. After the clamp m has been tightened, the tele- 
scope can be revolved slowly through a small angle by means 
of a screw 1, known as a tangent screw. The projection from 
the level bar fits between the point of the tangent screw and a 
resisting spring. When the screw is tightened, its point pushes 
the projection, the spring is compressed, and the telescope 
rotates. When the tangent screw is loosened, the spring 
forces the projection from the level bar back against the point 
of the screw, and the telescope rotates in the opposite direction. 
The inclination of the socket k is controlled by the leveling 
screws o, which are four in number on some instruments and 
only three on others. The instrument is supported on a 
tripod, which consists of three legs shod with steel and con- 
nected by hinge joints to a metal tripod head. The upper part 
of the tripod is shown at p in Fig. 2. The tripod head is 
threaded in order that the plate q of the level can be screwed on. 


13. Telescope.—A longitudinal section through the tele- 
scope ab is shown in Fig. 3. The essential parts are the 
objective w, the eyepiece x x, and the cross-hairs, or cross-wires, y. 

The objective consists of a combination of lenses (pieces of 
glass with curved surfaces). When rays of light from the 
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object sighted at strike the objective, 
they are deflected to form a figure similar 
to the object, but inverted. This figure, 
called the image, is located in a definite 
plane. The cross-wires, described in the 
following article, should be placed in the 
telescope as near as possible to the image. 
Then, when the image and the cross-wires 
are viewed through the eyepiece, which is 
another combination of lenses that enlarges 
the image and the cross-wires, both will be 
seen clearly at the same time. Some eye- 
pieces show the object upside down; others 
invert the image so that the object is seen 
in its natural position. Telescopes with 
eyepieces of the former class are called 
inverting telescopes, and those having eye- 
pieces of the latter class are known as 
erecting telescopes. Although the eyepiece 
of an inverting telescope has fewer lenses 
and the lines of the object are, therefore, 
more clearly defined, most instruments have 
erecting telescopes. 

The objective is shown covered by a 
metal cap 7, Figs. 2 and 3, which protects 
it when the instrument is not in use. 
When a sight is taken through the tele- 
scope, this cap is removed and a thin metal 
tube, called a sunshade, is used to keep the 
glare of the sun from striking the objective 
and making the view of the object indis- 
tinct. A device for covering the eyepiece 
is also supplied. 

The small screws at s are inserted to 
center the eyepiece in the telescope; they 
are necessary only with an erecting tele- 
scope, in which the eyepiece is very 
long. : 


8 LEVELING 


14. The cross-hairs, or cross-wires, are two very fine 
platinum wires fastened at right angles to each other in a 
substantial brass ring or diaphragm. This ring is held in 
position in the telescope by four capstan-headed screws 2, 
Figs. 2 and 3, that pass through holes in the telescope and 
screw into the ring, as 
shown in Fig. 4. The holes 
in the telescope are slightly 
larger than the screws so 
that the ring can be rotated 
in the telescope through a 
small angle. The ring can 
also be moved vertically or 
horizontally by turning the 
proper capstan screws. 
Formerly, the cross-hairs were made of clean spider web, but 
platinum: wire has been found more satisfactory. 
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15. Focusing.—As the distance from the telescope to the 
observed object varies, the location of the image changes. 
In order to bring the image in the plane of the cross-wires for 
any sight, the position of the objective in the telescope can be 
adjusted by the milled wheel ¢, Figs. 2 and 3, which is placed 
on the top of the telescope in this case, but is sometimes on the 
right-hand side. Changing the objective may make it neces- 
sary also to adjust the location of the eyepiece to obtain a 
distinct view of the object; this can be done by rotating the 
milled ring wu. The operation of adjusting the eyepiece and 
the objective in order to see the cross-wires and the object 
distinctly at the same time is called focusing. 

The objective is focused when the object sighted at appears 
clear and distinctly outlined. To focus the eyepiece, the 
telescope is pointed toward an open space and the eyepiece is 
moved by turning the ring u until the cross-wires appear sharp 
and distinct. When both the objective and the eyepiece are 
focused, the cross-wires will show no movement with respect 
to the observed object, no matter how the position of the eye 
may be changed. 
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16. Line of Sight and Line of Collimation.—A line of sight 
is a line joining any point with the eye of the observer. When 
a point is observed through a telescope, the line of sight is 
indicated by the line through the center of the objective and 
the intersection of the cross-wires. This line is sometimes. 
called the line of collimation. 


17. Spirit Level.—The spirit level cd, Fig. 2, is the part of 
the instrument on which accuracy chiefly depends. It con- 
sists of a sealed glass tube, curved slightly to correspond to the 
short upper arc of a large vertical circle, and so nearly filled 
with alcohol, or a mixture of alcohol and ether, as to leave only 
a small bubble of air. This tube, commonly called the level 
tube, is fastened securely, but not rigidly, in a metal case 
having a long, narrow longitudinal opening in its top through 
which the glass tube and air bubble can be seen. Each end of 
the metal case is attached to a stud projecting from the under 
side of the telescope tube, one end being adjustable vertically 
by means of capstan-pattern nuts and the other end adjustable 
laterally by means of capstan-headed screws, as shown in 
Fig. 2. 

A line tangent to the upper surface of the level tube at 
its center is called the axis of the bubble tube or axts of the level 
tube. When the bubble is in the center of the tube, the axis of 
the bubble tube is horizontal. In order to show the position of 
the bubble with reference to the center of the tube, a graduated 
scale is marked either on the tube or on a small strip of silvered 
brass attached to the upper side 
of the tube. In Fig. 5 is shown ¥ 
the top view of the glass tube of - * 
a spirit level in which the gradua- 
tions are marked on the tube and the bubble is represented 
as truly centered. In Fig. 2, the scale is marked on a metal 
strip; the bubble in this case is also centered. 
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18. Axis of Revolution.—The level has but one axis of 
revolution, which is the vertical axis of the instrument. In 
the use of the level, the only essential requisite for accurate 
work is that the line of sight shall be truly horizontal, and this 
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condition should be indicated by the bubble’s being in the 
center of the level tube. In other words, the line of sight 
should be parallel to the axis of the level tube. If the instru- 
ment is adjusted properly and is leveled up as described in the 
next article, the line of sight revolves on the vertical axis in a 
horizontal plane. 


19. Setting Up.—The first step in making a level ready 
for use is to screw the instrument securely on the tripod head 
and to plant the tripod legs firmly in the ground in such posi- 
tions that the plate g, Fig. 2, is nearly horizontal. If the 
instrument has four leveling screws, the telescope is rotated 
until it is over one pair of opposite screws and the bubble is 
brought to the center of the level tube by turning only these 
two screws. The screws should be held between the thumb 
and forefinger of each hand, and they should be turned in 
opposite directions; that is, the thumbs should move either 
toward each other or away from each other. Both screws 
should be turned at the same time and at about the same rate. 

After the bubble has been brought to the center of the level 
tube for this position of the telescope, the telescope is turned 
on the vertical axis through an angle of 90° so that it is over 
the other pair of leveling screws. The bubble is then brought 
to the center of the tube by means of these two screws. The 
telescope is turned back to its first position, care being taken 
not to have it reversed end for end, to see if the bubble remains 
in the center. If it does, the instrument is leveled; if it does 
not, it is brought to the center over each pair of leveling 
screws alternately, until it stays in the center for both 
positions of the telescope. 

If there are three leveling screws, the telescope is first 
placed parallel to the line through any two of them, and the 
bubble is brought to the center of the tube by means of these 
two screws. Then the telescope is revolved until it is over 
the third screw and the bubble is brought to the center by 
means of this screw alone. If the bubble remains in the 
center when the telescope is brought back to its first position, 
the instrument is leveled. Otherwise, the operations must be 
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repeated until the bubble remains in the center for both posi- 
tions of the telescope. 

The expression setting up the level will be considered to 
include making the line of sight horizontal as well as merely 
placing the tripod legs in position, since the instrument must 
always be leveled before it can be used for determining eleva- 
tions. 


20. Care of Level.—The level should not be exposed to 
the sun, to rapid changes of temperature, to unequal tempera- 
tures on its different parts, to dust, or to rain when such 
exposure can be avoided. Changes of temperature disturb the 
adjustments, dust is injurious to the bearings and the lenses, 
while moisture obscures the lenses and is otherwise injurious 
to the instrument. When it is impossible to avoid working 
in the rain, wipe the lenses frequently and carefully with a 
soft linen cloth and, when the instrument is not in use, cover 
the eyepiece and put the cap on the objective. After return- 
ing to the office or camp, wipe the entire instrument very 
carefully and thoroughly, finishing with a piece of dry chamois 
skin; then, leave it in a moderately warm, dry place, so that 
every particle of moisture will be removed. 

When a level is carried on its tripod in open country, the 
spindle should always be clamped slightly to prevent the 
wearing of the centers by swinging, and the instrument should 
be carried with the object end of the telescope down. Ina 
wooded country where underbrush is dense, the level should be 
catried with the spindle unclamped, so that the telescope will 
turn freely on the spindle and yield readily to any pressure. 
A blow that would inflict no injury upon an unclamped instru- 
ment might seriously damage one clamped rigidly. 

Care should be exercised not to use unnecessary force in 
screwing the instrument on the tripod, in tightening the clamp 
screw, or in turning the leveling screws. If the leveling screws 
bind, two adjacent screws should be loosened slightly. When 
the instrument is in use, all screws should bear firmly, but 
excess pressure is likely to cause damage. 
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ADJUSTMENTS OF WYE LEVEL 


21. There are three important adjustments of the Y level, 
as follows: 

1. To make the line of sight parallel to the line through the 
lowest points of the collars on the telescope, which rest.in the 
wyes. 

2. To make the axis of the level tube parallel to the line 
through the bases of the collars, and, consequently, parallel 
to the line of sight. 

3. To make the axis of the level tube perpendicular to 
the vertical axis of the instrument, so that, when the instru- 
ment is leveled up, the bubble will remain centered while the 
telescope is revolved horizontally. 

The first two adjustments are sufficient as far as accuracy 
of the instrument is concerned. The third adjustment 
affects only the rapidity with which the work can be performed. 
When this adjustment is made and the instrument is leveled 
up carefully, the bubble will remain centered in whatever 
direction the telescope is turned. But if this adjustment is 
poor, the bubble will have to be recentered by the leveling 
screws every time the telescope is pointed in a new direction. 

The adjustments of the level should be tested frequently, 
as any defect will detract from the value of the work, from 
the rapidity with which it can be performed, or from both. 

There is also a preliminary adjustment by which the cross- 
Wires are made exactly horizontal and vertical when the 
instrument is leveled. This adjustment is not necessary, 
but it permits the use of any part of the horizontal cross-wire 
instead of the point of intersection of the cross-wires. It is 
also helpful in direct leveling to have a wire truly vertical. 


22. Preliminary Adjustment.—The preliminary adjust- 
ment is made as follows: Set up the instrument at any con- 
venient place and level the telescope over both pairs of oppo- 
site leveling screws. Then suspend a plumb-bob at some 
distance from the level and compare the direction of the 
vertical cross-wire with that of the plumb-line. If desired, 
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the vertical edge of a building can be used instead of a plumb- 
line. If any deviation of the wire from the vertical line is 
visible, loosen two adjacent capstan-headed screws, v in 
Fig. 2, and rotate the cross-wire ring carefully by pressing 
against the heads of the screws or by tapping them lightly, 
until the wire coincides with the vertical line. If the telescope 
is inverting, the cross-wires are seen in their true positions; 
hence, the ring should be rotated in the direction in which it 
appears necessary. However, if the telescope is erecting, the 
wires are inverted and, therefore, the ring 

should be turned in the direction opposite ¢ 

to that in which the image of the wires is 

to be rotated. For instance, if a b, Fig. 6, 

shows the position of the plumb-line and 

cd that of the cross-wire, the ring should 

be rotated in the direction indicated by the 

upper arrow for an inverting telescope and 

‘ : ; : a he a a 

in the opposite direction, as indicated by ene’ 

the lower arrow, for an erecting telescope. 

When the cross-wires are in the proper positions, the same two 
capstan-headed screws that were loosened should be tightened 
just enough to obtain a firm bearing on the shell of the 
telescope. 


23. First Adjustment, or Adjustment of Line of Sight. 
To make the first adjustment, plant the tripod firmly; but it 
is not necessary to level the telescope. Sight toward some 
distant vertical surface, such as a fence or building, clamp the 
instrument by means of the screw m, Fig. 2, and mark a point 
that coincides with the intersection of the cross-wires. Remove 
the pins, loosen the clips that hold the telescope in the wyes, 
and revolve the telescope in the wyes through one-half a 
revolution, that is, until the bottom side is up and the bubble 
tube is above the telescope. If the intersection of the cross- 
wires is still on the marked point, the line of sight is parallel 
to the line through the bottoms of the collars. If the inter- 
section of the cross-wires is no longer on the point, mark the 
new position on the surface. 
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Suppose that the initial positions of the cross-wires are 
shown by the full lines in Fig. 7 and the point a at their inter- 
section is marked. Suppose further that, after revolution of 
the telescope, the positions of the cross-wires are shown by the 
broken lines of short dashes, and the point of intersection } 
is marked on the surface near a. Then draw a straight line 
from a to b and mark its middle point c, which is the proper 
position of the point of intersection. 

To bring the point of intersection to c, first move one of the 
cross-wires, say the horizontal, to c by means of the upper 


and lower capstan screws, and then set the 
vertical wire on c by means of the capstan 
screws on the sides. Both wires should 


“ not be moved at-once since the cross-wire 
ring is liable to be rotated, and the pre- 
liminary adjustment to be spoiled. In mov- 
ing a cross-wire, one capstan screw is always 
loosened first and then the opposite screw 
is tightened a corresponding amount. It is advisable to move 
the wire in short steps rather than large amounts at a time. 

In an inverting telescope, a wire is adjusted by loosening 
the screw away from which the image of the wire is to be moved 
and tightening the opposite screw. Thus, since the image of 
the horizontal wire in Fig. 7 should be moved upwards from 
b toc, the lower screw is loosened and the upper screw tightened; 
since the image of the vertical wire is to be moved to the right, 
the left-hand screw is loosened and the right-hand screw tight- 
ened. 
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To adjust a wire in an erecting telescope, loosen the screw 
toward which the image of the wire must be moved and tighten 
the opposite screw. In the case shown in Fig. 7, the upper 
screw is loosened and the lower one tightened for the horizontal 
wire, and the right screw loosened and the left tightened for 
the vertical wire. . 


24. Second Adjustment.—This adjustment is made in 
two parts, the second being somewhat dependent on the first. 
The first part is for adjusting the level tube laterally so that 
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it can be adjusted accurately in a vertical direction. The work 
is done as follows: 

Set up the instrument, clamp the spindle with the telescope 
directly over one pair of opposite leveling screws, and bring 
the bubble to the center of the tube by means of these two 
screws. Revolve the telescope in its wyes until the bubble 
tube is no longer directly under the telescope. If the bubble 
remains in the center of the tube, no lateral adjustment is 
necessary. But if the bubble leaves the center of the tube, 
bring it very nearly back to the center by means of the capstan- 
headed adjusting screws on the sides at one end of the level 
tube. Then revolve the telescope in its wyes back to its 
initial position, bring the bubble to the center of the level 
tube by means of the leveling screws, and test again to see 
whether it stays in the center when the telescope is revolved 
in the wyes. Repeat these operations as often as required. 

Having adjusted the level tube laterally, bring the bubble 
exactly to the center of the tube by means of the leveling 
screws. Then lift the telescope out of the wyes and replace it 
with its ends reversed. In handling the telescope, take care 
not to disturb the position of the wyes. If the bubble is again 
in the center of the tube, the level tube is properly adjusted. 
However, if the bubble is not in the center, bring it half way 
back to the center by means of the capstan-pattern nuts at one 
end of the level tube. Ifthe bubble is nearer the end of the tube 
with the nuts, lower that end by first loosening the lower nut 
and then tightening the upper nut. If the bubble is nearer 
the fixed end of the tube, raise the end with the nuts by first 
loosening the upper nut and then tightening the lower nut. 

Again bring the bubble exactly to the center of the tube by 
means of the leveling screws and reverse the telescope in 
its wyes to see whether the bubble stays in the center. If it 
does not, repeat the operations until it does. 


25. Third Adjustment.—To make the axis of the level 
tube perpendicular to the vertical axis of the instrument, 
level up the telescope first over one pair of opposite leveling 
screws and then over the other pair. From this second posi- 
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tion, revolve the telescope through a half revolution on the 
vertical axis of the instrument so that it is over the same pair of 
screws but is reversed end for end. If the bubble stays in the 
center of the tube, the wyes do not need adjustment. But if 
the bubble leaves the center of the tube, bring it half way 
back by means of the capstan-pattern nuts at the ends of the 
level bar. Then center the bubble accurately by means of 
the leveling screws and test the adjustment by again turning the 
telescope through a half revolution. Repeat the operations 
until the bubble remains in the center for both positions of the 
telescope. Asa check, try the reversal over the other pair of . 
leveling screws. If the bubble is in adjustment over one pair 
of screws, it should be correct over the other pair also; any 
difference is the fault of the instrument and cannot be adjusted. 


26. Tests for Adjustment of the Wye Level.—The adjust- 
ments of the wye level can be checked by the following two tests. 
Set up the instrument at any convenient point and level 
the telescope over both pairs of opposite leveling screws. 
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Set a point at either end of the horizontal cross-wire and then 
slowly revolve the telescope on the vertical axis so that the 
point appears to move along the wire. If the point stays on 
the wire, the wire is horizontal. This test checks the prelim- 
inary adjustment described in Art. 22. 


27. The following test is known as the peg method and 
indicates whether the line of sight is parallel to the axis of the 
level tube. There are several variations of the method, 
but only the one most commonly used is given. Select a 
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stretch of nearly level ground and drive two pegs at A and B, 
Fig. 8, about 400 feet apart. Set up the instrument at C, mid- 
way between them and as nearly as possible on line with them; 
but great accuracy in line or distance is not required. With 
the bubble centered accurately, take readings on leveling rods 
held on the pegs at A and B. Leveling rods and the methods 
of taking these readings will be described later. If these 
readings are denoted by 7, and 72, the exact difference in 
elevation between the pegs is r2—11, or di, no matter how much 
out of adjustment the instrument may be. If the level is in 
adjustment, the lines of sight will be horizontal along s f and 
sg. Ifthe instrument is not in adjustment, the lines of sight 
will be, say, along sa and sb; but the angles asf and bsg 
are equal. Since the distances AC and BC are very nearly 
equal, the differences on the rod, af and b g, can be considered 
equal; hence, ab is parallel to f gandisalso horizontal. There- 
fore, the same difference in elevation between the pegs at A 
and B is obtained whether the lines of sight are along sf and 
sg, or along saand sb. 

Next, move the instrument to D, about 10 feet beyond A 
on line with A and B (a point beyond B would serve just as 
well), and again take rod readings on the pegs at A and B. 
If the readings are denoted by 73; and rz, the difference in 
elevation between the pegs, as determined by these readings, 
is ra—13, Or do. If the instrument is in adjustment, the values 
of d, and dz will be equal; that is, the line of sight is along the 
horizontal line hk. If the instrument is not in adjustment, 
the line of sight will be represented by some line, such as m n, 
which is not horizontal. Then d; and d, will not be equal, and 
the difference may be due to inaccuracy in the first adjustment, 
in the second adjustment, or perhaps in both. Therefore 
those adjustments should be repeated 


THE DUMPY LEVEL 


28. DescriptionA dumpy level is shown in Fig. 9. 
In its general construction it is similar to the wye level. 
However, there are two important differences: First, in the 
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dumpy level, the telescope a b is attached rigidly to the level 
barcd. Second, the level tube e f is attached to the level bar 
and is adjustable at one end and in a vertical direction only, 
while the other end is fastened permanently by a hinge; a 
lateral adjustment of the level tube is unnecessary. The 
telescope itself and the other parts of the instrument are the 
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same as in a wye level and require no special description. 
The sunshade g is shown in position on the telescope. 


29. Adjustments.—There are two adjustments of the 
dumpy level: 

1. To make the axis of the level tube perpendicular to 
the vertical axis of rotation, so that, when the instrument is 
leveled up, the bubble will remain in the center of the level 
tube as the telescope is revolved. 


LEVELING 1) 


2. To make the line of sight parallel to the axis of the 
level tube, so that the line of sight will be horizontal when the 
bubble stands in the center of the tube. 

There is also the preliminary adjustment to make the cross- 
wires horizontal and vertical. 


30. The preliminary adjustment is exactly the same as 
described for the wye levelin Art. 22. The first adjustment is 
performed in the same manner as the third adjustment of the 
wye level, explained in Art. 25. However, in this case, 
the capstan screws, shown in Fig. 9 at the left-hand end of the 
level tube, are used instead of those at the ends of the level 
bar in Fig. 2. 

For the second adjustment, the peg method is employed. 
The level is set up at C, Fig. 8, and rod readings 71 and re are 
taken on the pegs at A and B, as described in Art. 27. 
Then the level is moved to D and rod readings r3 and r, are 
taken on the pegs. If the horizontal cross-wire is properly 
centered, the values of 72-71, or di, and r4—73, or de, will be 
equal. 

If d, and d, are not equal, the cross-wire is adjusted by the 
following method. Let m p represent a horizontal line through 
m. Then the right triangles nt k and 1m p are similar, since 
the acute angles at » are equal. Hence, the corresponding 


ace 

sides are proportional and ee) From the figure,  k=e, 
Nn p=rs—13—d1=a,—d,, kt=BD=AB+AD, and pm=AB. 
ee € AB+AD 

erefore, errs AB 

AB+AD 

or Caress perme? o)) 

In case dz is less than d:, the difference d,—d. is taken instead 
of dy—d. 


To make the adjustment, keep the level at D with the bubble 
centered in the tube. Then, move the horizontal wire by 
means of the capstan-headed screws until the reading on the rod 
at B is either rate or r4—e, according to the following rules: 
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Rule I.—Jf d, is less than dz and r3 1s greater than fa, or 
if d, is greater than dz and r3 ts less than ra, add ¢ to ra. 


Rule IIl.— Jf d, is greater than d, and 13 1s greater than ra, 
or if d, is less than dz and rz is less than r, subtract e from rs. 


It is to be remembered that 73 is always the reading on the 
peg nearer the second set-up and r4 is the reading on the peg 
farther from the set-up. Also, the correction e is always 
applied to rs. If e is added to rs, the upper capstan screw is 
loosened and the lower tightened for either an erecting or an 
inverting telescope. If e is subtracted from r4, the lower screw 
is loosened and the upper screw tightened. The adjustment 
should be tested by taking new observations for 73 and 14; 
if rs—rz is not equal to d;, the wire must be readjusted. 

When the difference between d; and d, is very small, say 
less than .02 foot, the following method of determining the 
reading at which the wire is to be set may be used. Make 
the rod reading at B equal to r3+d; or r3--d; according to 
whether r, is greater or less than 73. 

EXAMPLE 1.—With the instrument at C, Fig. 8, rod readings on pegs 
at A and B, 450 feet apart, are, respectively, 7: =3.718 feet and r2=5.142 
feet. When the instrument is moved to D, 9 feet behind A, the rod read- 
ings on the pegs are r3=6.005 feet at A, and rs=7.470 feet at B. (a) Is 


the instrument in adjustment? (6) At what reading should the cross-wire 
be set to make the adjustment? 


SoLuTION.—(a) The true difference in elevation between the pegs 
is di=re—11 = 5.142 —3.718 =1.424 ft. The difference in elevation given 
by the readings from D is d:.=r4—1r3=7.470—6.005 = 1.465 ft. Since dy 
and d, are not equal, the instrument is not in adjustment. Ans. 

(b) To determine the correction e, substitute in the formula the values 
A B=460, A D=9, d,=1.424, and d2=1.465; then, 

_ 450+9 


=——- (1.465 — = 
e 450 (1.465 — 1,424) = .042 ft. 


Since d, is less than d; and 7; is less than r4, rule II applies. Hence, e is 
subtracted from r, and the required rod reading is 7.470—.042 =7.428 ft. 
Ans. 


EXAMPLE 2.—Suppose that, for the pegs in example 1, the level is set 
up 9 feet behind B and the rod readings are 4.836 feet at B and 3.422 feet 
eee . At what reading should the cross-wire be set to adjust the instru- 
menty 
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SoLuTion.—As in example 1, d:=1.424 ft. In this case, however, the 
peg at B is mearer the second set-up, and the peg at A is farther from 
the set-up; hence, rs, which is the rod reading at B, is 4.836 ft. and rz at 
A is 3.422 ft. The difference d, is 4.836—3.422=1.414 ft. and di—d, 
= 1.424—1.414=.010 ft., which is less than .02 ft. 

Since 74 is less than 73, d; is subtracted from r; and the required rod read- 
ing is r3—d, = 4.836 —1.424=3.412 ft. Ans. 


EXAMPLES FOR PRACTICE 


1. In adjusting a dumpy level, the instrument is set up midway . 
between two pegs A and B, 400 feet apart, and the rod readings on the pegs 
are 4.172 feet at A and 2.065 feet at B. Then the level is set up 10 feet 
behind B, and the readings are 6.103 feet at B and 8.155 feet at A. What 
should be the reading at A for adjusting the cross-wire? Ans, 8.211 ft. 


2. For the same two pegs as in example 1, the level is set up 8 feet 
behind A, and the rod readings are 5.555 feet at A and 3.440 feet at B. 
At what reading should the cross-wire be set? Ans. 3.448 ft. 


LEVELING RODS 


DESCRIPTION 


31. Principle of Direct Leveling —When an adjusted 
level is set up and leveled up, its line of sight is horizontal; and, 
since the line of sight is at right angles to the vertical axis of 
the instrument, it rotates about this axis in a horizontal plane, 
called the plane of the instrument. ‘The elevation of this plane 
is the elevation of the instrument, usually called height of 
instrument, and every line lying in the plane is a horizontal 
line having the same elevation as the instrument. This eleva- 
tion may be assumed arbitrarily or may be determined from 
the known elevation of some other point by measuring the 
vertical distance from the plane of the instrument, as defined 
by the line of sight, to the point of known elevation. A 
leveling rod is usually employed for this purpose. 

The general method of direct leveling is illustrated in Fig. 10. 
It is assumed that the elevation of point A is 976 feet and it is 
desired to determine the elevation of point B. The level is 
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set up at some convenient point so that the plane of the instru- 
ment is higher than both A and B. Then a leveling rod is 
held vertically at the point A, which may be the top of a 
stake, or some object, and the line of sight is directed toward 
the rod. The vertical distance from A to the line of sight can 
be read on the rod at the point cut by the horizontal cross-wire 
of the telescope. If the rod reading is 8 feet, the line of sight 
is 8 feet above the 
point A and the 
height of instrument 
eee ---== ----+=- is 976+8=984 feet. 
, Then the leveling rod 
is held vertically at 
B, and the line of 
sight is directed to- 
-ward the rod by revolving the telescope on its vertical axis. 
The vertical distance from B to the line of sight is given by 
the rod reading with which the cross-wire coincides. If the 
rod reading at B is 3 feet, it means that the point B is 
3 feet below the line of sight and, therefore, the elevation of 
B is 984—3=981 feet. 
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32. Kinds of Leveling Rods.—In general, a leveling rod 
is a graduated wooden rod. There are several kinds of rods 
differing in constructive details but not in principle. The two 
types most commonly used are known as the Philadelphia rod 
and the New York rod, the important difference being in the 
method of marking the graduations. 


33. Philadelphia Rods.—The Philadelphia rod, Fig. 11 
or 12, is made in two sections, held together with brass 
sleeves a and 6. The rear section slides with respect to the 
front section, and it can be held in any desired position by 
means of the clamp screw c on the upper sleeve b. In Fig. 13 
(a) is shown a side view of part of a rod. The upper portion 
A of the rear section projects so that its face is in line with that 
of the front section B. When the projection rests on the 
lower section, as shown in Fig. 13 (b), the rod is said to be 
closed; a closed rod is sometimes called short rod. When the 
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rod is extended, no matter how much, it is known as long rod, 
or high rod. 

In the type shown in Fig. 11, the divi- 
sions are alternate black and white spaces, 
each .01 foot high, painted on the rod. 
Each fifth hundredth is indi- 
cated by a longer graduation 
mark, so that an acute angle is 
formed at one corner of the 
black space of which the grad- 
uation is a part. The tenths 
are marked by large black fig- 
ures, half above and half below 
the graduation mark, and the 
feet are shown in a similar man- 
ner by red figures (shaded in 
the illustrations). The gradua- 
tions can be seen distinctly through the telescope 
of a level at a great distance, and, therefore, Phila- 
delphia rods are sometimes called self-reading rods 
or speaking rods. 

In the type of a Philadelphia rod shown in Fig. 
12, the graduations indicate tenths of a foot and 
half-tenths. They are marked by single lines, and 
are numbered as in Fig. 11. 

The projection at the top of the sliding portion 
of the rod is graduated upwards from the greatest 
value on the lower section so that, when the rod is 
closed, the graduations are continuous; they run to 
7 feet for the type in Fig. 11 and somewhat above 
6.5 feet for the rod in Fig. 12. The front of the 
sliding portion of the rod, which is hidden when 
the rod is closed, is also graduated upwards from 
the greatest value on the lower portion so that, 
when the rod is fully extended, the graduations are 
again continuous as shown in Fig. 14. The rod in 
Fig. 11 extends to 13 feet while the highest read- 
ing for the rod in Fig. 12 is 12 feet. The back of 
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the sliding portion of the rod is also graduated; the purpose 
and the arrangement of these graduations will be described 
later. 


34. In case the graduations cannot be read directly from 
the telescope, the device shown at d, Fig. 11 or 12, called a 
target,isused. The target isa circular or elliptical metal plate 
divided into quadrants alternating red and white. The target 
in Fig. 11 is a plane surface but that in Fig. 12 consists of two 
plane surfaces bent at right angles to each other. When the 
rod is held vertical, one of the lines dividing the colors is 
horizontal and the other is vertical. There is an opening in 
the face of the target in order that the graduations on the face 
of the rod can be seen through it. One side of this opening is 
beveled to a thin edge, and a scale is marked along this edge 
so that it is close to the face of the rod. This scale is used for 
determining readings between graduation marks. One of its 
ends is exactly on the horizontal line dividing the colors on 
the target, and it extends either entirely above this line, as in 
Fig. 11, or entirely below, as in Fig. 12. 

When the clamp screw e is loose, the target can be moved 
over the face of the rod until the line dividing the colors 
coincides with the horizontal cross-wire of the level. The 
target can then be fixed in that position by tightening the 
clamp e. The small lever f is used to move the target a short 
distance after the clamp e has been tightened. If the target 

is not needed, it can be removed from the rod. 


35. When the target is used on a high rod, it is first set 
exactly at 7 feet on the extension part of the rod as shown in 
Fig. 11, or at 6.5 feet as in Fig. 12. Then the extension with 
the target is raised until the line dividing the colors coincides 
with the horizontal wire of the telescope, and the rod is held 
in that position by tightening the clampc. In order to indicate 
the reading for a high rod, the graduations on the back of the 
sliding part and a scale on the back of the upper sleeve are~ 
used. The back of a rod of the type in Fig. 11 is shown in 
Fig.15. The graduations begin at 7 feet at the top and increase 
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downwards to 13 feet. The reason for this is given by the 
following explanation: 

The reading of a high rod is the distance from the base of the 
rod to the target. Thus, for the position shown in Fig. 15, the 
rod reading represents the distance h. When the target is set 
at 7 feet on the extension part of the rod while the rod is 
closed, the reading of the rod is 7 feet and the 7-foot graduation 
on the back of the rod is opposite the zero of the scale on the 
sleeve. As the rod is raised, the 7-foot mark moves upwards, 
while the zero mark of the scale remains stationary since it is 
attached to the lower portion of the rod. The distance between 
these two marks, d in Fig. 15, therefore, increases as the rod is 
extended farther. Consequently, the distance d is equal to 
the amount by which the target is raised above 7 feet, and, for 
any high-rod setting, the distance h is equal to 7 feet plus the 
distance d. To obviate actual addition, the foot-graduations 
on the back of the rod are numbered downwards from 7 to 13; 
thus, when the rod is extended 1 foot, the reading on the back 
is 7+1=8 feet, and so on. It is, therefore, seen that the 
numbers must increase downwards in order that the rod read- 
ings may become greater as the target is raised. 

On the rod shown in Fig. 12, the graduations on the back of 
the rod begin at 6.5 feet at the top and increase downwards to 
i 2. feet. 


86. New York Rods.—The New York rod, Fig. 16, is in 
two sections that slide on each other by means of a tongue and 
groove; the upper section can be clamped in any position by 
the clamp screwc. The New York rod differs from the Phila- 
delphia rod, first, in the character of the graduation marks, 
which are single lines stamped on the rod and blackened, much 
the same as on an ordinary rule. All New York rods are 
graduated to hundredths of a foot. Usually, the rod is 
graduated to 6.5 feet on the lower portion and extends to 12 
feet. Another difference from the Philadelphia rod is that 
the inner face of the extending portion of a New York rod is 
not graduated. Therefore, the readings of an extended rod 
cannot be taken directly through the telescope. For determin- 
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ing the reading when the rod is extended, the rear section is 
graduated along one edge from 6.5 to 12 feet, increasing down- 
wards, and an auxiliary scale g is marked on the edge of the 
lower portion. Since the graduations are not easily seen, a 
target is almost always necessary in using a New York rod. 


37. Other Rods.—Sliding rods are also made in. three 
sections, having a length of about 4.5 feet when closed and 
extending to 12 feet, or having a length of 5.5 feet when closed 
and extending to 15 feet. Sliding rods are objectionable 
because they sometimes stick or slip when extended. There- 
fore, some rods are made in one piece 10 or 12 feet long, and 
others are in two parts that are connected by a hinged joint 
and that fold together. All these rods are self-reading, and a 
target cannot be used on them. They are graduated only on 
the front face of each section, and when the rod is fully 
extended, the graduations are continuous. 

For work in mines and tunnels and for other purposes, it 
is sometimes convenient to use a very short rod. Therefore, 
two-section rods are made which are 3 feet long when closed 
and extend to 5 feet. 


READING THE RODS 


388. Rodman.—The man who carries the rod and holds 
it on the points whose elevations are to be taken is called a 
rodman. A good rodman is essential to accurate and rapid 
leveling. A man who is slow and inattentive to the work is 
not suitable for a rodman. In most localities, a line of levels 
of any considerable length will have enough rough places in it 
—that is to say, places where abrupt and considerable changes 
in elevation occur—to retard progress, however diligent the 
level party may be. The laziness or carelessness of an indi- 
vidual should never be allowed to delay the progress of the 
party. 


39. Using the Rod.—A rod can be held on a point and 
carried more easily when it is closed; therefore, it is usually 
extended only when the reading exceeds the highest graduation 
on the lower section. Thus, with a rod like that shown in Fig. 
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11, short-rod readings may be taken up to 7 feet, and with the 
styles shown in Figs. 12 and 16, the highest reading on the 
short rod is 6.5 feet. The readings may be made either with 
or without the aid of the target d. In all cases, the rod is held 
with the front toward the level. When the target is not used, 
the levelman reads the position of the horizontal cross-wire 
directly from the telescope. If the target is used on a short 
rod, the rodman moves it up or down as indicated by word or 
signal from the levelman until the line separating the colors 
nearly coincides with the horizontal wire. The target is then 
clamped by tightening the screw e, and its dividing line is set 
exactly on the wire by means of the lever f. The reading of the 
rod is determined by the position of the end of the target scale 
which is on the line between the colors. 

To make a high-rod reading without the target, the rod 
shown in Fig. 11 or 12 is extended to its full length. Then 
the graduations on the front appear continuous and the reading 
of the horizontal wire can be taken from the telescope. If 
the target is used on a high rod, it is first set exactly at 7 feet 
on the extension part of the rod shown in Fig. 11, or at 6.5 feet 
for the rods shown in Figs. 12 and 16. Then the rod is 
extended until the line dividing the colors on the target 
coincides with the horizontal wire, and is clamped in that 
position by tightening the screw c. The reading of the rod is 
indicated by the zero of the scale on the upper sleeve of the 
rod shown in Fig. 11 or 12, or on the side of the rod shown in 
Fig. 16. 


40. Reading the Rod Directly.—If a target is not used, the 
reading of a rod is made directly from the telescope in the 
following manner. The number of feet is given by the shaded 
figure (red on the actual rod) below the horizontal cross-wire. 
The number of tenths is shown by the black figure directly 
below the wire. If the reading is required to the nearest 
hundredth on the rods shown in Figs. 11 and 16, the number 
of hundredths is found by counting the divisions between the 
last tenth and the graduation mark nearest to the wire. If 
thousandths of a foot are required, the number of hundredths 
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is equal to the number of divisions between the last tenth and 
the graduation mark below the wire, and the number of 
thousandths is estimated by judgment. For example, the 
readings on the Philadelphia rod for the positions x, y, and z 
in Fig. 17 (a) are determined as follows: For x, the number of 
feet below is 4 and the number of tenths below is 1; the wire 
coincides with the first graduation above the tenth-mark and, 
consequently, the reading is 4.11 feet to the nearest hundredth, 
or 4.110 feet to the nearest thousandth. For y, the feet and 
tenths are again 4 and 1, respectively. The wire is just mid- 
way between the graduations indicating 4 and 5 hundredths, 
and, therefore, the reading to 
the nearest hundredth may 
be taken as either 4.14 or 4.15 — 
y ” feet; in determining the hun- 
x dredths, it is convenient to 
x observe that the wire is just 
below the acute-angle gradu- 
z ation denoting the fifth hun- 
dredth, and it is, therefore, 
unnecessary to count up from 
the tenth-graduation. If 
thousandths are required, the 
following method is used for 
ce finding the hundredths and 
thousandths: There are 4 di- 
visions between the tenth-mark and the graduation below 
the wire; hence, the number of hundredths is 4. Since the 
wire is midway between the two graduation marks on the rod, 
and since the distance between graduations is 1 hundredth or 
10 thousandths of a foot, the number of thousandths in the 
required reading is } X10, or 5; hence, the reading to the nearest 
thousandth is 4.145 feet. For z, the foot just above is 4 and, 
therefore, the foot below must be 3 (not shown in the figure); 
the number of tenths is evidently 9 and the number of hun- 
dredths 6; the distance to the wire from the hundredth mark 
below is about one-third of a graduation, as nearly as can be 
estimated, and, consequently, the number of thousandths is 
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310, or 3; hence, the reading to the nearest hundredth is 
3.96 feet and, to the nearest thousandth, 3.963 feet. A New 
York rod may be read in the same way. 


41. For the Philadelphia rod shown in Fig. 12, the feet 
and tenths are obtained as just explained for the other rod, 
and the hundredths and half-hundredths may be estimated 
with the aid of the half-tenth graduations. Thus, the read- 
ings of the cross-wire for the positions x, y, and z in Fig. 17 (6) 
are found as follows: Assume that the foot mark below the 
part of the rod shown is 5. - For x, the number of tenths is 4, 
and the number of hundredths is less than 5 since the wire is 
below the half-tenth (.05) graduation; the distance above the 
tenth-mark is estimated to be about # of the distance between 
graduations and the number of hundredths is, therefore, #5 
= 4; hence, the reading is 5.44 feet. For y, the number of tenths 
is 5 and the number of hundredths is more than 5; the distance 
above the half-tenth graduation is estimated to be 2 of the 
distance to the tenth-mark and, consequently, thenumber of 
hundredths is 5+25=7; the reading is, therefore, 5.57 feet. 
For z, the wire is midway between the tenth and half-tenth 
graduations and its distance above the mark that indicates 
3 tenths is 4*.05=.025; hence, the rod reading is 5.325 feet. 

Direct readings on a long rod are made in the same way as 
on a short rod because the rod is fully extended and the 
graduations appear continuous. 


42. Scales.—In order to aid in reading a rod, a target is 
sometimes used. When the rod is graduated only to tenths 
or half-tenths of a foot, the scales on the target and on the 
upper sleeve are made exactly .1 foot long and are divided into 
10 or 20 parts—that is, to hundredths or half-hundredths of 
a foot—so that hundredths or half-hundredths can be read 
directly and thousandths can be estimated with a fair degree 
of accuracy. 

In Fig. 18 are shown settings of the target on the rod illus- 
trated in Fig. 12; the zero point of the scale coinoides with the 
line dividing the colors on the target and indicates the position 
where the cross-wire cuts the rod. The length of the scale is 
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-1 foot and, since it is divided into 20 parts, each small division 
is poX.1=.005 foot. The numbers on the scale indicate 
hundredths of a foot, the dis- 
tance from 0 to 2 being .02 
foot, from 0 to 4, .04 foot, etc. 
Thus, in (a), the distance of 
the point a below the zero 
mark is .08 foot and the dis- 
tance of the point b below 
zero is .045 foot. It will be 
observed that the numbers on 
the scale increase downwards. 
Since the zero of the scale 
coincides with the cross-wire 
of the telescope, the reading 
of the rod consists of two 
parts: The feet and tenths 
(a) are given on the rod by the 
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nearest numbers below the zero of the scale; the remainder of 
the reading is the distance measured on the scale from the zero 
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of the scale to the nearest lower tenth-graduation on the rod. 
It should be noticed that, when the target is used, the half- 
tenth graduations on the rod, as at c, are disregarded. 

For the setting in (b), the zero of the scale is above the 
graduation 4 on the rod; if the next lower foot on the rod is 
assumed to be 5, the feet and tenths for the reading are 5 and 
4, respectively. The distance from the graduation 4 on the 
rod to the zero of the scale is shown to be .06 foot, since 
graduation number 6 on the scale is opposite that graduation on 
the rod. Hence, the reading is 5.4+.06=5.46 feet. 

In case no graduation of the scale coincides exactly with a 
graduation on the rod, the thousandths are estimated by judg- 
ment. Thus, in Fig. 18 (c), the graduation 4 on the rod is 
slightly below a point midway between the marks on the 
scale indicating .045 and .05, and the distance from the 
graduation 4 on the rod to the zero point on the scale is 
estimated to be .048. Hence, the reading of the target is 
taken as 5.448 feet. 


43. When a target is used on a high rod, the reading is 
rade by means of the scale on the back of the upper sleeve or 
on the side of the rod according to the type of the rod. In 
Fig. 19, ab represents part of the back of the rod shown in 
Fig. 12, and cd is the scale on the upper sleeve. When the 
rod is closed, the zero of the scale coincides with the graduation 
on the rod indicating 6.5 feet, as shown in (a), because the 
target is set at 6.5 feet when the rod is extended. As the 
upper section of the rod is raised, the scale remains stationary, 
since it is attached to the lower section, but the graduations on 
the back of the rod move. The numbers of these graduations 
increase downwards in order that the reading should become 
greater as the target is raised. The numbers on the scale, 
therefore, increase upwards. 

The method of reading a long rod is similar to that for a 
short rod, the difference being that the feet and tenths are 
given by the numbers above the zero of the scale instead of 
below it; for instance, in Fig. 19 (6) the number of feet is 10 
- and the number of tenths is 1. The hundredths and thou- 
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sandths are tound from the position of the scale with respect to 
the tenth-graduation on the rod just as for a short rod; since 
the mark indicating 7 hundredths coincides with the gradua- 
tion 1 on the rod, the reading is 10.17 feet. 

In (c), the feet and tenths are again 10and 1, respectively, but 
no graduation on the scale coincides with the graduation on the 
rod. The graduation 1 is between the graduations on the scale 
indicating .045 and .05 and the distance from 1 on the rod to 
zero on the scale is estimated to be .047 foot; hence, the reading 
is taken as 10.147 feet. 


44. Principle of the Vernier——When the rods in Figs. 11 
and 16 are read directly from the telescope, it is necessary to 


6.9 


Cc : 
iS z 
8 8 = 
6 6 = 
4 4 = 
2 2 = 
co) fe) =| 
id LI 


=~ 


estimate thousandths of a foot. When the target is used, 
thousandths may be read accurately by means of the scale on 
the target, which is called a vernier. A vernier is a movable 
auxiliary scale used for the purpose of measuring accurately, 
on another scale, fractional parts of the smallest subdivisions 
of the main scale. Thus, if the main scale is divided into 
feet and tenths of a foot, the vernier may be used to measure 
on the main scale hundredths of a foot; or if the main scale 
is divided into tenths and hundredths of a foot, the vernier 
may be used to measure thousandths of a foot. As verniers 
are used extensively on surveying instruments, the principles 
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on which their construction is based should be thoroughly 
understood. 

To illustrate the fundamental principle of a vernier, suppose 
that the bar ab, Fig. 20, is to be measured with the scale 
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cd, which is divided in inches. The scale is placed against 
the bar so that the zero of the scale coincides with one end of 
the bar, and the position of the other end of the bar is observed. 
In this case, the bar measures 3 inches plus the distance between 
the graduation mark 3 and the point e which is opposite the 
end of the bar. Suppose now that it is desired to measure the 
distance 3-e in eighths of aninch. For this purpose a vernier 
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f g, Fig. 21, is prepared, which has a total length of 7 inches and 
is divided into eight equal parts. Each division is thus equal 
to ¢ inch and the difference between one division of the main 
scale and one division of the vernieris 1—7=finch. Although 
distances in surveying are generally measured in feet and 
decimals of a foot rather than in feet, inches, and fractions of 
an inch, inches and eighths are used here to demonstrate the. 
general principle of a vernier. 
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To measure the distance 3-e with the vernier, place the 
vernier against the main scale, as shown in Fig. 22, so that 
the zero of the vernier coincides with the point e. To find the 
number of eighths in the distance 3-e, look for a graduation 
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mark on the vernier that coincides with some graduation on 
the main scale. In this case it will be noticed that graduation 
number 5 of the vernier coincides with a mark on the main 
scale; thus, the number of eighths in 3-e is 5, and the distance 
3-e is, therefore, 3 inch. The explanation of this is as 
follows. 
Imagine that the vernier is placed against the main scale so 
that the zero mark of the vernier coincides with line 3 of the 
main scale, and then the vernier is slid along until its zero 
reaches the point e. The distance covered by the zero mark 
of the vernier during this motion will measure the distance 
3-e on the bar. When, in this motion, the vernier is in the 
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position shown in Fig. 23 (a), the graduation mark 1 coincides 
with a graduation on the main scale; and the zero mark of the 
vernier has covered a distance equal to the difference between 
one division of the main scale and one division of the vernier, 
or g inch. When the vernier is in the position shown in (0), 
point 2 coincides with a point on the main scale; the zero of the 
vernier has, therefore, moved a distance equal to the difference 
between two divisions of the main scale and two divisions of 
the vernier, which is §=finch. When in the position shown in 
(c), the zero of the vernier has moved # inch; and, finally, when - 
the zero point of the vernier has moved to the point e, Fig. 22, 
it has covered the distance equal to the difference between 5 
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divisions of the main scale and 5 divisions of the vernier, or 
2 inch. 

The same conclusion can be drawn directly by analyzing 
the position shown in Fig. 22. In this position the distance 
between point 4 on the vernier and point 7 on the main scale 
equals the difference between one division of the main scale 
and one division on the vernier; the distance from point 3 on 
the vernier to point 6 on the main scale equals the difference 
between two divisions on the main scale and two divisions on 
the vernier, and so on; finally, the distance between point 3 
on the main scale and the zero mark of the vernier, which is 
opposite point e, is equal to the difference between five divisions 
of the main scale and five divisions on the vernier, or 2 inch. 


45. In general, the length of a vernier is made equal to a 
certain number of the smallest divisions of the main scale. 
In the example just considered the smallest division of the 
main scale is 1 inch and the number of divisions covered by 
the vernier is 7; the total length of the vernier is, therefore, 
7inches. This length is divided into a number of parts which 
is one more than the selected number of main-scale divisions. 
In the preceding example the vernier is, therefore, divided into 
7+1=8 equal parts, each being # inch long. 

The difference between one division of the main scale and 
one division of the vernier is called the least reading of the 
vernier. It is equal to the length of one smallest division of 
the main scale divided by the number of parts into which the 
vernier is divided. In the example just considered, the 
smallest division of the main scale is 1 inch and the vernier is 
divided into 8 parts; therefore, the least reading of the vernier 
is in this case ¢ inch. 


46. To measure the length of a line with a scale and a 
vernier, the zero mark of the scale is placed at one end of the 
line and the vernier is slid along the scale until its zero mark 
is at the other end of the line. Then the length consists 
of two parts: first, the distance from the zero mark of the 
main scale to the graduation of the main scale preceding the 
zero mark of the vernier, which is indicated by the number 
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of that graduation; second, the distance from the zero 
mark of the vernier to the preceding main-scale graduation, 
which is determined by multiplying the least reading of the 
vernier by the number of the vernier graduation that coincides 
with a scale graduation. The first distance is sometimes 
called the reading of the scale and the second the reading of the 
vernier; but generally the term reading of the vernier is under- 
stood to mean the entire distance from the zero mark of the 
scale to the zero mark of the vernier. For instance, in 
the case shown in Fig. 22, the distance on the 
main scale from the zero mark to the gradua- 
tion preceding the zero mark of the vernier 
is 3 inches, as indicated by the number 3 at 
that graduation; the fractional part of a 
division is 2 inch, which is the product of 
the least reading of the vernier, or $ inch, and 
the number of the vernier graduation that 
coincides with a scale graduation, or 5; hence, 
the total length of the bar is 3+ 2 =33 inches. 

It should be noticed particularly that in 
reading the vernier the number of the main- 
scale graduation, with which the vernier 
graduation coincides, is of no importance and 
is not observed. It should also be noticed 
that the numbers on the vernier increase in 
the same direction as do those on the main 
scale. 


47. Vernier for Level Rod.—In Fig. 24 
is shown part of-a level rod ab with a ver- 
nier cd. The divisions marked 1, 2, etc., 
on the rod are tenths of a foot, and each of these is divided 
into ten equal parts, or hundredths of a foot. The vernier 
covers nine of the smallest subdivisions of the scale and is, 
therefore, .09 foot long; it is divided into 9+1=10 parts, 
each space being one-tenth of .09, or .009 foot. The difference 
between one division on the rod and one on the vernier is 
.01—.009 =.001 foot, which is the least reading of the vernier. 
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The least reading can also be obtained by dividing the value of a 
rod division by the number of parts in the vernier; thus, 
a = .001 foot. 

The reading of a leveling rod is the distance from the base 
of the rod to the line dividing the colors on the target, or to 
the zero of the vernier. This distance consists of two parts, 
one from the base of the rod to the graduation preceding the 
zero of the vernier, and the other from that rod graduation to 
the zero of the vernier. The first distance is found by the same 
method as for a direct reading, except that the zero of the 
vernier takes the place of the cross-wire. The reading of the 
vernier, which is added, is found by multiplying the least 
reading of the vernier by the number of the vernier graduation 
that coincides with a rod graduation. 

In Fig. 24, it is assumed that the base of the rod is at e and 
the reading of the rod is the distance e f, which is made up of 
the two parts eg and gf. The first of these is .3+.04=.34 
foot. To find the distance gf, it will be noticed that the 
eighth graduation mark of the vernier coincides with a gradu- 
ation mark of the rod (it is not necessary to note which mark). 
This coincidence is indicated by the dotted line hz. Since 
one division of the rod is greater by .001 than one division of 
the vernier, the seventh mark of the vernier is .001 foot from 
the rod graduation immediately below it; the sixth mark of the 
vernier is .002 foot from the mark on the rod immediately 
below it, etc. In this manner it is found that the zero mark of 
the vernier is .008 foot from the rod graduation g immediately 
below it. The distance gf is, therefore, .008 foot. According 
to the principle explained in the preceding article, this result 
may be obtained by multiplying the least reading of the vernier, 
.001, by 8; thus, .001 <8 =.008 foot. 

The reading of the rod for the target setting in Fig. 25 (a) 
is determined as follows: The number of feet is given by the 
red figure on the rod ab below the zero of the vernier cd; 
no foot graduation being shown in the diagram, it will be 
assumed as 4. The number of tenths is shown by the black 
figure below the zero of the vernier; in this case, itis 6. The 
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number of hundredths 
is found by counting the 
graduations on the rod 
between the tenth below 
and the zero of the ver- 
nier; the zero of the 
vernier is above the 
graduation of the rod 
indicating .03 foot. 
Here, the fifth vernier 
graduation coincides 
with a rod graduation, 
and, consequently, the 
number of thousandths 
is 5. The reading of the 
target is, therefore, 4.635 
feet. 


48. When the rear 
section of the rod is 
extended, the reading is 
determined by means of 
the vernier on the upper 
sleeve through which the 
section slides. In Fig. 
25 (b), abisa portion of 
therear section of the rod 
and cd is the vernier on 
the sleeve. The method 
of determining the read- 
ing is similar to that 
for the front of the rod, 
but since the numbers 
on the rear of the rod 
increase downwards, the 
foot, tenth, and hun- 
dredth are above the 
zero of the vernier; the 
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numbers on the vernier also increase downwards to corre- 
spond to the direction in which the numbers on the rod 
increase. In this case, the foot above the zero of the vernier 
is 10, the tenth above it is zero, and the hundredth is 5; since 
the number of the vernier graduation that coincides with a rod 
graduation is 3, the number of thousandths is also 3; the rod 
reading is, therefore, 10.053 feet. 

In (c), the foot below the zero of the vernier is shown as 9 
and the foot above will, therefore, be 8; the tenth above the 
zero of the vernier is 8; the hundredth above the zero of the 
vernier is 0; and since the seventh graduation of the vernier 
coincides with a graduation mark on the rod, the number of 
thousandths is 7. Hence, the reading is 8.807 feet. 

The scale on the target and the scale g on the side of the 
rod shown in Fig. 16 are both verniers; and the method of 
reading the rod is the same as that explained for the rod shown 
io Pigs Le 


49. Formulas Relating to Verniers.—In the following 
formulas, let 
s=length of one of the smallest subdivisions of the 
scale; 
nm =number of equal parts into which the vernier is 
divided; 
ry=least reading of the vernier; 
1=total length of the vernier; 
m=number of the vernier graduation coinciding 
with a graduation of the scale; 
R=reading of the vernier. 


Then, from the principles explained in the preceding arti-les, 


r=- (1) 
nN 

n=~ (2) 
if 

l=(n—1)s_ (8) 

R=rm (4) 
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For example, in Fig. 22, the value s of a scale division is 
1 inch; the number of vernier divisions is 8; the total 
length / of the vernier is (1—1) s=(8—1) 1=7 inches; the least 

, ye i : : 
reading r of the vernier is a inch; m is 5, since the fifth 
n 

vernier graduation coincides with a graduation on the scale; 
and the reading R of the vernier is rm=}X5= 3 inch. © 


EXAMPLE 1.—A scale is divided into inches and half inches; the vernier 
is divided into eight equal parts, which cover seven of the half-inch divisions 
of the scale. (a) What is the least reading of the vernier? (b) What is 
the reading of the vernier when its third graduation coincides with a 
graduation of the scale? 


SoLuTION.—(a) Here s=4in., andn=8. Therefore, by formula 1, 


oy 
ati in. Ans 
(b) Here r=7y in. and m=3. Therefore, by formula 4, 
R= : X3= as A: 
ie) 16 in. Ans. 


EXAMPLE 2.—The scale of a barometer is divided into inches and 
fiftieths. (a) What must be the length of a vernier, and how must the 
vernier be divided, that its least reading may be .002 inch? (6) What 
is the reading of the vernier when its seventh mark coincides with a 
graduation on the scale? 


SoLuTion.—(a) In this case, s=5'9=.02 in., and r=.002 in. Then, 
by formula 2, 
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The vernier must, therefore, be divided into ten equal parts covering 
nine subdivisions of the scale. Its length will be 3% in. Ans. 
(b) Formula 4 is applied, in which r=.002 in. and m=7. Hence, 
R=.002X7=.014 in. Ans. 


50. It will be readily seen that a vernier on a leveling 
rod is practical only when the value s is relatively small, 
because then the vernier will be of reasonable length. If it 
were required to use a vernier on the rod in Fig. 12 with a 
least reading of the vernier of .005 foot, the number of 


parts of the vernier would be me =10. Then the length of 


o 


LEVELING 43 


the vernier would be (10—1) .05=.45 foot, which is about 
53 inches. Since the target would have to be about 12 inches 
in diameter, a vernier in this case would be impractical. 


OPERATIONS OF DIRECT LEVELING 


GENERAL METHOD 


51. Running a Line of Levels.—The fundamental prin- 
ciple of direct leveling was illustrated in Fig. 10, in which case 
the elevation of point B was determined from that of point A 
by setting up the level between the two points and taking rod 
readings at Aand B. In Fig. 26, rods at A and K cannot be 
seen from the same position of the level. Therefore, if it is 
required to find the elevation of point K from that of A, it is 
necessary to set up the level several times and to establish 
intermediate points such as C, EF, and G. These are the 
conditions commonly met with in practice, and may serve as 
an illustration of the general methods of direct leveling. 

Let the elevation of A be assumed as 20.00 feet. The 
level is first set up at B so that a rod held at A will be visible 
through the telescope; and the reading of the rod is found to be 
8.42 feet. The height of instrument, abbreviated H. I., is 
found by adding this reading to the elevation of point A; 
thus, 20.00+8.42 = 28.42 feet=H. J. The rod reading at A is 
taken by directing the line of sight back toward the start of 
the line and is, therefore, called a backsight reading, or simply 
a backsight; backsight is abbreviated B.S. A better definition 
of a backsight, however, is a rod reading which is taken on a 
point of known elevation to find the height of instrument. 
Since a backsight is usually added to the elevation of the point 
on which the rod is held, a backsight is often called a plus 
sight, written +S. 

After the H. J. has been determined by a backsight on A, 
a point C is selected which is slightly below the line of sight, 
and the reading is taken on a rod held at C. If this reading is 
1.20 feet, the point C is 1.20 feet below the line of sight, and 
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the elevation of C is 28.42—1.20 
=27.22feet. This reading is called 
a foresight reading, or foresight, 
which is abbreviated F.S.; it is 
taken on a point of unknown ele- 
vation in order to determine that 
elevation from the height of instru- 
ment. Since the reading for a fore- 
sight is usually subtracted from the 
height of instrument to get the 
elevation of the point on which 
the rod is held, a foresight is some- 
times called a minus sight and is 
written —S. 

While the rodman remains at C, 
the instrument is moved to D and 
set up, but not so high that the line 
of sight will go over the top of the 
rod, when it is again held at C. 
The reading 11.56 is taken as a 
backsight; hence, the H. J. at D is 
27.22+11.56=38.78 feet. When 
this reading is taken, it is impor- 
tant that the rod should be held on 
exactly the same point that was 
used for the foresight when the 

instrument wasat B. The point 
C on which the rod is held should 
be some stable object, so that 
the rod can be removed and put 
back in the same place as many 
times as may be neces- 
sary. For this pur- 
pose, a sharp-pointed 
rock, or a well-defined 
projection on some 
| _,8#°8 . permanent object, is 

preferable; but if 
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nothing better is available, a stake or peg can be driven firmly 
in the ground and the rod held on top of it. Such a point as 
C, on which both a foresight and a backsight are taken, is 
called a turning point, abbreviated T. P. 

When the H. J. at D is known, another turning point E is 
chosen and a foresight of 1.35 feet is obtained. Then the 
elevation of E is 38.78—1.385=37.43 feet. The instrument is 
set up at F and the backsight on E is 6.15 feet; the new H. I. is 
37.43+6.15=43.58 feet. The instrument at F should be 
high enough to have the line of sight clear the ground at L. 
The rod is held on a turning point at G, and since the foresight 
is 10.90 feet, the elevation of G is 43.58— 10.90 =32.68 feet. 
When the instrument is moved to H, the backsight on G is 
4.39 feet and the H. I. is 32.68+4.39 =37.07 feet. For the rod 
held at K, the foresight is 5.94 feet; the elevation of K, 
therefore, is 37.07 —5.94=31.13 feet. The difference in eleva- 
tion between A and K is 31.13—20.00=11.13 feet; that is, 
‘point K is 11.13 feet higher than point A. 

The process of determining the elevations of any series of 
points is called running a line of levels. All the points whose 
elevations may be determined by a line of levels need not be 
turning points as is the case in Fig. 26. At each position of the 
instrument, foresights on any number of points may be taken 
for the purpose of determining their elevations, either before 
or after the foresight on the turning point is taken. Points 
on which only foresights are taken are called intermediate 
points. Thus, the distinction between a turning point and 
an intermediate point is that both a backsight and a foresight 
are taken on a turning point, whereas on an intermediate point 
only a foresight is taken. 

EXAMPLE.—The backsight reading on a turning point is 5.28 feet and 
the foresight reading on the next turning point is 3.25 feet. If the eleva- 
tion of the first point is 142.00 feet, what are (a) the height of instrument 
and (b) the elevation of the second turning point? 

SoLutTion.—(a) The H. I., which is equal to the elevation of the first 
point plus the backsight on it, is 142.00+5.28 =147.28 ft. Ans. 

(b) The elevation of the second turning point is equal to the height 
of instrument minus the foresight on the turning point; in this case, it is 
147.28—3.25 = 144.03 ft. Ans. 
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EXAMPLES FOR PRACTICE 


1. The backsight reading on a point is 7.36 feet and the foresight 
reading on a second point is 2.84 feet. If the elevation of the first point is 
200.00 feet, what are (a) the height of instrument and (6) the elevation of 
the second point? Ze te 207.36 ft. 

“{(b) 204.52 ft. 


2. If, when the instrument is set up in a new position, the backsight 
on the second point mentioned in the preceding example is 11.32 feet, what 
is the height of instrument? Ans. 215.84 ft. 


3. The height of instrument is 125.32 feet and the foresight on a turn- 
ing point is 4.33 feet. After the instrument has been moved to a new 
position, the backsight on the turning point is 8.57 feet. What is the 
elevation of a station, on which the rod reading is 9.20 feet? 

Ans. 120.36 ft. 


4. The height of instrument is 233.06 feet and the foresight on a turn- 
ing point is 6.32 feet. After the instrument has been set up in a new position, 
the backsight on the turning point is 9.58 feet. What are the elevations, 
to the nearest tenth of a foot, of three stations, on which the rod readings 
are 5.2 feet, 6.3 feet, and 7.5 feet, respectively? 231 eth: 

Ans. 230.0 ft. 
228.8 ft. 


PRACTICAL CONSIDERATIONS 


+52. Plumbing the Rod.—In order to get the correct 
vertical distance from the line of sight to the point on which 
the rod is placed, the rod must be vertical or plumb. When 
there is not much wind, the rodman can hold the rod practically 
plumb by balancing it as nearly as possible. Usually, the 
levelman considers that the rod is plumb in the direction across 
the line of sight when the edge of the rod is parallel to the 
vertical cross-wire, and the rodman plumbs the rod in the 
direction of the line of sight by standing to one side of the rod 
and judging if it is plumb, or, if possible, comparing it with the 
vertical edge of a near-by building. 

The following method is commonly used for getting an 
accurate reading especially in a strong wind: The rodman 
slowly tips the rod backwards and forwards, in the direction 
of the line of sight and the levelman takes the least reading of 
the rod as the correct reading. If the target is used, it must 
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_ be in such a position that the division line never goes above 
the horizontal cross-wire but just touches the wire at one 
position. 

The form of a target shown on the rod in Fig. 12 is helpful 
in plumbing the rod. When the target is properly set and the 
rod is plumb, the horizontal line dividing the colors on the two 
faces will appear straight and will coincide with the horizontal 
cross-wire; while if the rod is not plumb, this line will appear 
broken. For very accurate work, the rod is plumbed by means 
of a rod level, which carries two spirit levels at right angles to 
each other, and can be attached to the rod. 


53. Lengths of Sights.—The most advantageous lengths 
of sights will depend on the telescope of the instrument, the 
character of the surface of the country, the sensitiveness of 
the level bubble, and the degree of accuracy required. In the 
interests of speed and accuracy, it is always best to have the 
sights of moderate length; extremely long or short sights 
should be avoided. For reasonably accurate work, the sights 
should not usually exceed 400 feet. Where the country is 
level and time is of great importance, while only an ordinary 
degree of accuracy is required, quite long sights may be taken. 
Where the surface rises or falls rapidly, short sights become 
necessary. 


54. The most valuable and reliable safeguard against 
errors due to imperfect adjustment of the instrument is 
obtained by equal lengths of sights for backsights and fore- 
sights on turning points; that is, the distances over which 
the sights for the backsight and the foresight from the same 
position of the level are taken should be approximately equal. 
Should any inequality of length occur in one such pair of 
sights, it should be balanced in the next pair, or as soon as 
possible. For example, should the foresight in one pair of 
sights be taken over a greater distance than the backsight, 
then in the next pair of sights the distance for the backsight 
should be made correspondingly longer than that for the fore- 
sight. On a hill, the sights on turning points will necessarily be 
much shorter in one direction than in the other if the level is set 
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nearly in line with the turning points. In order to make the 
lengths of sights for the backsight and foresight from a set-up 
approximately equal, the level may be set to one side of the 
line. It is not necessary to measure the lengths of the sights 
accurately ; they can be determined closely enough by counting 
steps in walking. 


55. Bench Marks.—A permanent point whose elevation is 
determined in running a line of levels, and which is properly 
witnessed and recorded for reference, is called a bench mark. 
Any well-defined and easily identified point on a permanent 
object, such as the door-sill of a building, a stone or concrete 
monument, the projecting root of a tree, or a point on a large 
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rock, will serve for a bench mark. If possible, any line of 
levels should be started from a bench mark, so that the eleva- 
tions of the points will be obtained with reference to a definite 
datum. Bench marks should be established at intervals of 
from 1,000 to 2,000 feet, depending on the character of the 
ground and the purpose for which the levels are taken. 

To set a bench mark on the root of a tree, a broad notch 
is cut in the root, as shown at a in Fig. 27 (a) and (b); and a 
nail is driven almost flush with the surface thus formed. To 
witness the bench mark, the tree is blazed on the side facing 
the bench mark as shown at b. In the blazed space, the 
letters B. M. and the elevation of the bench mark are plainly 
written with keel, which is a kind of crayon. The rod is held 
on the nail, which marks a definite point that does not change 
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in elevation. The elevation of each bench mark is always 
recorded in the notebook with sufficient description to identify 
the bench mark unmistakably. 

The datum to which the elevation of the bench mark refers 
may be any imaginary level surface, or it may be sea level, as 
explained in Art. 6. Many bench marks whose elevations refer 
to sea level have been established by the United States Coast 
and Geodetic Surveys, by the engineers of the various railroad 
companies, and by other engineers. Whenever practical, a 
line of levels should be started from such a bench mark in 
order to refer the elevations of the points to sea level. If the 
elevation is not written on the bench mark or on its witness, it 
can usually be obtained from the railroad company or from 
the engineer who set it. When the elevation of the starting 
point is assumed, its value should be so much above the datum 
that in running the line of levels none of the elevations 
taken will be less than zero. It is customary to make the 
assumed elevation some multiple of 10 feet, usually 100 feet. 


56. Care in Reading the Rod.—The rod is always read 
more closely on bench marks and turning points than on 
intermediate points or stations. This is because an error in 
the rod reading on a turning point will affect all subsequent 
elevations in the line of levels, and an error in the rod reading 
on a bench mark will affect all later levels that may be referred 
to the bench mark as a starting point, whereas an error in the 
rod reading on an intermediate point will affect only the eleva- 
tion of that point. Consequently, the rod is usually read on an 
intermediate point only as closely as it is desired to determine 
the elevation of that point. For grading earth roadways and 
work of a similar character, the rod is usually read to the 
nearest tenth of a foot on intermediate points and to the 
nearest hundredth of a foot on turning points and bench marks; 
while for work requiring a higher degree of accuracy, such as 
the surface of a finished pavement, the rod is usually read 
to the nearest hundredth of a foot onintermediate points and to 
the nearest thousandth of a foot on turning points and bench 
marks. 
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57. Signals and Calls.—In running a line of levels it is 
necessary for the levelman and the rodman to be in almost 
constant communication with each other. Asa means of com- 
munication, certain convenient signals and calls are employed. 
It is important that the levelman and rodman understand 
these in order to avoid mistakes. When a target reading is 
taken, the target is set by the rodman in the proper position on 
the rod, according to signals given by the levelman. An upward 
movement, or raising, of the hand is the signal for raising the 
target; a downward movement, or lowering, of the hand is 
the signal for lowering it; a circle described by the hand is the 
signal for clamping the target; and a wave with both hands 
indicates that the target is set properly, or all right. Other 
signals, such as that for plumbing the rod, are arranged by the 
members of the party. 

The rodman should then read the position of the target on 
the rod and call out the reading to the levelman, who records 
it; he should call first the number of feet, or, if the reading is 
less than 1 foot, he should call naught (not ought); then, after 
pausing a moment, he should give the decimal part of the 
reading. Thus, if the rod is being read to hundredths of a 
foot only, the number 8.40 is called ezght, four, naught; a read- 
ing of 8.04 is called ezght, naught, four. If the rod is being read 
to thousandths, the number 8.401 is called erght, four, naught, 
one; 8.410 is called ezght, four, one, naught. The levelman 
should always repeat the reading to the rodman in order to 
insure clear understanding before he records it in the notebook. 

When a self-reading rod is used, the rodman keeps the rod 
extended to full length, unless the country is very level, and 
the levelman reads the rod on all intermediate points. Then 
his signal for all right is usually an outward wave of the hand. 
Sights on turning points or bench marks are often read more 
closely by use of the target. In many cases, however, the 
levelman reads the rod on turning points as well as on inter- 
mediate points. 

In accurate work it is the common practice for the level- 
man to read the rod without using the target, and to call the 
reading to the rodman who then sets the target at that value 
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as acheck. In this way, mistakes in feet, which are liable to 
occur, are avoided, and much time is saved by making it 
unnecessary to move the target up and down several times 
before the correct position is found. 


FORMS FOR LEVEL NOTES 


58. Forms of keeping level notes differ somewhat in detail, 
according to the individual preferences of the engineer, but 
all are based on the height of instrument. As previously 
explained, the height of instrument is found by adding a back- 
sight reading to the known elevation of a bench mark or turning 
point, and the elevation of any point is determined by subtract- 
ing a foresight reading from the height of instrument. 

The notebook for field notes is ruled with six columns on 
each page. Three forms of notes in common use will be illus- 
trated and explained. 


59. In Fig. 28 is shown the method of keeping level notes 
which is most used. The title or purpose of the survey, the 
location, the date, and the names and positions of the members 
of the party should be given. The pages should be numbered. 
The notes may read downwards from the top of the page, or 
upwards from the bottom of the page. In the first column 
of each page are recorded the points, or stations, at which the 
rod is held; in the second column, the backsight readings are 
given; in the third column, the heights of instrument; in the 
fourth column, the foresight readings; and in the fifth column, 
the elevations of the stations. The sixth column is left for 
other purposes, such as the description of bench marks, turn- 
ing points, and important stations. Usually the entire right- 
hand page is left for remarks. 

In the column for stations, the bench marks and turning 
points are designated B. M. and T. P., respectively, and the 
intermediate points are identified by either letters or numbers. 
An elevation between two heights of instrument is found by 
subtracting the corresponding foresight from the H. I. preced- 
ing it in the notes. It will be observed that the readings and 
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elevations for bench marks and turning points are given to 
hundredths of a foot while those on intermediate points are 
to the nearest tenth. The backsights and foresights must be 
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16 
Profile for Siding—P. R. R. 
Near Greensburg, Pa. 
For Location Notes, See Field Book 62, Page 57. 


Oct. 16, 1925 
J. Scott—Leveler 
A. Barnes—Rodman 


Sta. B.S. Et. I. HAI9. Elev. Remarks 
B. M. 100.00 Spike on root of white oak 
2.17 | 102.17 stump 60 feet to left of 
0 4.8 97.4 Sta. 0. 
il 6.2 96.0 
2 9.1 93.1 
2+50 8.251 94:0 
3 7.6 94.6 
4 7.4 94.8 
Aa, 8.54 | 93.63 Top of stake near Sta. 4. 
4.58 | 98.21 
4+ 60 11.9 86.3 Spring Brook. 
5 0.5 97.7 
ae 2.67 | 95.54 Nail in notch in stump of 
10.32 | 105.86 beech tree opposite Sta. 
5+75 2.4 | 103.5 5+30. 
6 Ze 10828 
7 6.4 99.5 
8 eat. 98.2 
9 6.5 99.4 
10 8.7 97.2 
42) 10.17 | 95.69 On rock near Sta. 10. 
2.44 | 98.13 
11 2.4 95.7 
1B) 7.2 90.9 
13 8.8 89.3 Spike on root of large 
B. M. 11.29 | 86.84 maple tree 50 ft. to the 
right of Sta. 13+80. 
Fic. 28 


recorded in the field but the heights of instrument and the 
elevations can be determined at any convenient time. 


60. In Fig. 29 is shown a modification of the level notes 
shown in Fig. 28, these notes referring to the same survey. 
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e Profile for Siding—P. R. R. Oct. 16, 1925 i 
Near Greensburg, Pa. J. Scott—Leveler 
For Location Notes, See Field Book 62, Page 57. A. Barnes—Rodman 
Sta. Bas: Hegk F.S. ES: Elev. Remarks 
18}, IN| ate I Oyyalirg 100.00 | Spike on root of white oak 

0) 4.8 97.4 stump 60 ft. to left of 

1 6.2 96.0 Sigs: 

2 9.1 93.1 
2+50 8.2 94.0 

3 7.6 94.6 

4 7.4 94.8 
T.P. | 4.58] 98.21 | 8.54 93.63 | Top of stake near Sta 4. 
4+60 11.9 86.3 Spring Brook. 

5 O:55 e073 
een el O-325\) LOS: SON 2:6, 95.54 | Nail in notch in stump of 
5+75 een KOs 5) beech tree opposite Sta. 

6 Qui 0358 5+30 

7 6.4 99.5 

8 Ted 98.2 

9 6.5 99.4 

10 8.7 97.2 
eee 44 eeOSel sil ONL 7 95.69 | On rock near Sta. 10. 
ill 2.4 95.7 
12 1.2 90.9 
13 8.8 89.3 
B. M. 11.29 86.84 | Spike on root of large 
maple tree 50 ft. to 
19.51 32.67 the right of Sta. 13+-80. 
100.00 
19.51 
119.51 
32.67 
86.84 
Fre. 29 


One difference is that the foresights on turning points and the 
foresights on intermediate points are kept in separate columns, 
those on turning points being designated by F. S., and those 
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on the intermediate points, by J. S. By this arrangement the 
foresights on the turning points can be added conveniently 
for checking the notes in the manner described in a following 
article. Another difference from the notes in Fig. 28 is 
that the backsight and the height of instrument are placed 
on the same line with the foresight and the elevation for the 
turning point. 


61. In Fig. 30 is shown another method of keeping level 
notes that isin quite generaluse. The distinguishing feature of 
this method is a single column for all rod readings, the column 
being headed Rod. Since the backsights are added and the 
foresights subtracted, they are indicated by the signs + and 
—,respectively. The column of rod readings is placed between 

_the columns of heights of instrument and elevations for con- 
venience in performing the operations of addition and sub- 
traction. 

These notes refer to the same survey as do the notes in 
Figs. 28 and 29, but more accurate values are used; the rod 
readings and elevations for bench marks and turning points 
are given to thousandths of a foot and the values for inter- 
mediate points are taken to the nearest hundredth. 


62. How to Check Level Notes.—A common method of 
checking level notes affords a reliable check on the elevations 
of turning points and heights of instrument, which in a general 
way is a check on the line of levels as a whole, since all other 
elevations are deduced from these. The method is based on 
the fact that all the backsights are additive or + quantities 
and all the foresights are subtractive or — quantities. There- 
fore, if the sum of all the backsights in a line of levels, or any 
portion of it, is added to the elevation of the starting point, 
and from the sum thus obtained the sum of all the foresights on 
turning points in the same portion is subtracted, the remainder 
is the last height of instrument or the elevation of the last 
turning point, according as the last sight included is a backsight 
or a foresight. 

The application of this method of checking is shown in the 
notes given in Fig. 29. The elevation of the bench mark near 
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Station 0 is 100.00 feet. The sum of the backsights, deter- 
mined by adding the values in the column headed B. S., is 


LEVEL Notes 


. Profile for Siding—P. R. R. } Oct. 16, 1925 Z 
Near Greensburg, Pa. J. Scott—Leveler 
For Location Notes, See Field Book 62, Page 57. A. Barnes—Rodman 
Sta. Hi, T. Rod Elev. Remarks 
B. M. 100.000 Spike on root of white 
102.172 | + 2.172 oak stump 60 ft. to 
0 — 4.75 97.42 left of Sta. 0. 
1 — 6.14 96.03 
2 — 9.03 93.14 
2+50 — 8.19 93.98 
3 — 7.58 94.59 
4 — 7.36 94.81 
va Bs — 8.543 | 93.629 Top of stake near Sta. 4. 
98.212 | + 4.583 
4+60 —11.93 86.28 Spring Brook 
5 — 0.47 97.74 
‘ibs 12s — 2.674} 95.538 Nail in notch in stump 
105.862 | +10.324 of beech tree opposite 
5+75 — 2.39 | 103.47 Sta. 5+30. 
6 — 2.04 | 103.82 
7 — 6.38 99.48 
8 — 7.67 98.19 
9 — 6.48 99.43 
10 — 8.70 97.16 
abs 12. —10.171 | 95.691 On rock near Sta. 10. 
98.134 | + 2.443 
11 — 2.45 95.68 
12 — 7.20 90.93 
13 — 8.85 89.28 
B. M. —11.292 | 86.842 Spike on root of large 
maple tree 50 ft. to 
the right of Sta. 13 
+80. 
| 
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19.51 feet; this is added to the elevation of the starting point, 
the sum being 100.00+19.51=119.51 feet. The sum of the 
foresights is 32.67 feet; this is subtracted from the result just 
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obtained, and the difference, which is 119.51—32.67=86.84 
feet, is the elevation of the bench mark near Station 13+80. 
When the foresights are added, care must be taken to exclude 
all readings on intermediate points in case the form of notes is 
similar to that shown in Fig. 28 or in Fig. 30. 

The leveler should check each page of notes, placing a 
check-mark (V) at the last height of instrument or elevation 
checked. This should preferably be done as soon as the page 
is filled, but if there is not time in the field, each day’s work 
should be checked the same night. 


CONDITIONS AFFECTING ACCURACY OF DIRECT LEVELING 


CURVATURE AND REFRACTION 


63. Curvature.—As has been explained, a level line is a 
curved line and the line of sight is a horizontal line, tangent 
to a level line at the instrument. Consequently, the reading 


A B 
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of a rod held on a point is always greater than the difference in 
elevation between the horizontal cross-wire and the point 
because the line of sight cuts the rod at an elevation that is 
higher than the elevation of the wire. The error in the rod 
reading due to the curvature of the earth’s surface may be 
computed in the following manner: 

In Fig. 31, let O represent the center of the earth, AB a 
horizontal line, and AD a level line through the cross-wire of 
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an instrument at A. Then the error due to curvature is BD. 
Since the earth’s surface is assumed to be spherical, the level 
line A Dis a circular arc whose radius OD or OA is equal to the 
earth’s radius. In order to show the conditions clearly, the 
distances in the illustration are shown very much out of pro- 
portion; O A is in fact about 20,890,000 feet and for ordinary 
sights AB is about 400 feet. In geometry it is shown that: 

If from a point without a circle a tangent to the circle and a 
secant are drawn, the tangent 1s a mean proportional between the 
whole secant and its external segment. 

Thus, in Fig. 32, the tangent A B is a mean proportional 
between the secant BD’ and its external segment BD, or 
AB =BDXBD'. But DD’ is a diameter and is equal to 
twice the radius OD. Hence, in Fig. 32, AB’=BDX(BD 
+2 OD). As BD is exceedingly small compared with the 
diameter of the earth, 2 OD, it may be dropped from the 
quantity within the parenthesis without appreciable error. 

Let é€.=error due to curvature, in feet; 

d=length of sight, in feet; 
y=radius of earth, in feet. 
Then, the preceding expression becomes d?=2 r e,, from which 
@? 
6.=— 
2r 

64. Atmospheric Refraction.—It is a well-established 
law of physics that a ray of light in passing from a rarer to a 
denser medium is bent in a direction toward the denser medium, 
that is, so that its path will be concave on the side toward the 
denser medium. This bending of a ray of light is called refrac- 
tion. Since the atmosphere is densest at the surface of the 
earth and becomes rarer as the distance from the earth’s 
surface increases, it follows that a ray of light in passing from 
a higher to a lower elevation by an inclined path will be bent, 
or refracted, toward the surface of the earth, that is, so that 
its path will curve in the same general direction as the earth’s 
surface. 

Owing to refraction, a ray of light, that apparently is the 
straight line BA in Fig. 33, actually follows the curved path 

ILT 418B—8 
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CA because B is farther from the earth’s surface than A; 
that is, the point observed through the level at A appears to 
be point B but is really point C. Then the error due to 
atmospheric refraction, which is represented by BC in Fig. 33, 


is given by the formula 
qd? 
ia = m— 
r 
in which e,=error due to refraction, in feet; 
m=numerical coefficient; 
d =length of sight, in feet; 
r =radius of earth, in feet. 


The coefficient m is called the coefficient of refraction. Its 
value varies somewhat for different elevations, but is about 
3 072. The value of r is approximately 

- C 20,890,000 feet. 


D 65. Combined Error.—The com- 
bined effect of curvature and refrac- 
tion causes an error represented by 
the distance CD in Fig. 33, which is 
evidently equal to the error due to 
curvature minus that due to refrac- 
tion. If the combined error in feet 
is denoted by e, then 

Dp Dy 

oO Fic. 33 e=e,— eo — m= (.5—m) = 

2r r r 
The values of the correction e in decimals of a foot for 
various values of d expressed in feet are given in Table I; 
the corrections in this table are computed for m=.0719 and 
r = 20,890,000. For example, if the length of sight is 600 feet, 
the error due to curvature and refraction is found to be .007 
foot. For a length between 300 and 5,280 feet, not listed in 
the column of distances in Table I, the value of the correction 
may be found by interpolation. It should be remembered 
that the correction for curvature and refraction is necessary 
only in very accurate work and where the difference in lengths 

of sights for backsights and foresights is great. 
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¥ TABLE I 
CORRECTION FOR THE COMBINED EFFECT OF CURVATURE AND 
REFRACTION 
d e€ d € d e€ d 


300 .002 1,600 052 2,900 172 4,200 .362 
400 003 1,700 059 3,000 184 4,300 379 
500 005 1,800 066 3,100 197 4,400 397 
600 .007 1,900 O74 3,200 .210 4,500 415 
700° .010 2,000 082 3,300 223 4,600 434 
800 013 2,100 .090 3,400 237 4,700 453 
900 017 2,200 .099 3,500 251 4,800 472 
1,000 .020 2,300 108 3,600 .266 4,900 492 
1,100 025 2,400 118 3,700 281 5,000 512 
1,200 .030 2,500 128 3,800 .296 5,100 033 
1,300 035 2,600 139 3,900 312 5,200 004 
1,400 .040 2,700 149 4,000 | .328 5,280 71 
1,500 .046 2,800 161 4,100 345 || 10,560 | 2.285 


ERRORS IN LEVELING 


66. Sources of Error.—In leveling, the principal sources 
of error are defects of adjustment of the level, failure of the 
rodman to hold the rod plumb, and mistakes in reading the rod 
or recording the readings. The error due to curvature and 
refraction may become considerable when the difference 
between the sums of the lengths of the sights for backsights and 
foresights is great, even though the instrument is in perfect 
adjustment. If lengths of sights for the backsight and the 
foresight on turning points from the same position of the level 
are equal, errors due to imperfect adjustment and also those 
due to curvature and refraction are balanced, since the error 
in the foresight is equal to that in the backsight. However, 
since it is impractical to make the lengths of sights for back- 
sights and foresights exactly equal, it is desirable to avoid 
errors as far as possible by adjusting the parts of the level by 
the methods previously explained. The methods of determin- 
ing when the rod is plumb, also, have been described; and it is 
apparent that errors due to faulty plumbing can be easily 
guarded against. Mistakes in determining and recording rod 
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readings can only be avoided by exercising great care in all 
operations and by checking whenever possible. 

The rays of the sun shining directly on the object glass 
render the field of view indistinct and the sighting of the 
telescope uncertain. To prevent this, most instruments are 
' provided with a sunshade, which fits the end of the telescope 
and projects over the object glass. If the sunshade is lack- 
ing, the levelman can hold his hat so as to shade the object 
glass. 

Wind is also a source of error; it sometimes causes the 
instrument to vibrate, thus preventing the accurate setting of 
the target and it frequently exerts sufficient pressure against 
the instrument to cause the bubble to leave the center of its 
tube. As the pressure is fluctuating, the accurate centering of 
the bubble is rendered almost impossible. Wind also makes 
plumbing of the rod more difficult. Under such conditions, 
the levelman should wait for a lull in the wind, during which, if 
the rodman is alert, he can usually get a reasonably accurate 
reading. Ata second lull, he can check the value and feel safe 
regarding it. 

Other possible causes of error are the moving of the level 
due to the settling of the tripod legs in soft or thawing ground 
or due to their sliding on a smooth surface when a passing 
train or car produces vibration. It is also important to guard 
against moving of the turning point or failure of the rodman 
to hold the rod on the same point for the foresight and the 
backsight. Sliding of the tripod legs due to vibration can be 
prevented by proper choice of the set-up and by care in plac- 
ing the metal points of the legs. Moving of a turning point 
can be avoided by choosing good permanent points. To avoid 
holding different points for the backsight and the foresight, 
turning points should be well defined and well marked when 
there is a chance of confusion. 


67. Personal Equation.—There is also what is known 
as the personal error, sometimes called the personal equation, 
which is recognized as a defect of vision peculiar to the 
individual. By reason of this peculiarity of vision, two persons. 
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may observe the reading of a rod, or set the target, on the same 
sight and under precisely the same conditions, and obtain 
somewhat different readings. But as this personal equation, 
or error, is constant for the same person and affects all his 
observations in the same manner, it does not materially detract . 
from the accuracy of work. Haste is also a fruitful source of 
error and is little if any aid to progress. Rapid and accurate 
work can be performed without haste, but work done in a 
hurry is not usually performed either rapidly or accurately. 


68. Required Degree of Accuracy.—It has been found 
from experience that small errors occur much more frequently 
than large ones, and that those of an accidental character tend 
to balance each other. A line of levels 20 miles long, in which 
the rod is read directly to the nearest hundredth of a foot, 
will give nearly the same results on intermediate points, and 
nearly the same difference of elevation between the points at 
its extremities, as a line of precise levels taken with exact 
target readings. That painful degree of exactness termed hair- 
splitting is of no advantage in ordinary leveling; it represents 
very little actual gain in the accuracy of the results, and a 
very considerable increase in the cost of the work. The degree 
of accuracy required in each case should be ascertained and the 
levels taken with sufficient care to obtain that accuracy; 
greater exactness is an unnecessary waste of time. 

If a line of levels is run from any point, completes a circuit, 
and comes back to the same point, the sum of all the backsights 
should equal the sum of all the foresights. The difference 
between these sums is called the error of closure. It is a 
reasonably well-established principle that the total or final 
value of the accidental errors of direct leveling increases with 
the length of the circuit and is proportional to the square root 
of that length. Hence, the permissible error of closure in a 
line of levels may be expressed by the general formula 

B=cvL 
in which E=permissible error of closure; 
c=numerical coefficient ; 
L=length of circuit. 
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The value of c depends on the character of the survey and 
on the units in which the values of E and L are expressed. 
In practice, this formula has taken the following forms, which 
may be regarded as representative of the respective degrees of 
accuracy required in the leveling work in the various surveys 
named: 


1, Chicago Samitaty District. ane me nee oe eset JE = AVI VM 
JeeiNew svork State Barge: Canali... sree se eeeee E=.016VM 
BY INbIgoxtrnu loader @openmeleistormle o>. 5-45 5550000 55- E=.018VM 
Ae IVNSSissip pis River CommussiOmen =i. nioneie E=.018VM 
5s United. States: Coast Survey. - sa. neuemae. ee E=.029VM 
Gu Umited States Wake Survey ase mere aera E=.042VM 
7. United States Geological Survey.............. E=.05 VM 
8. Good average work of ordinary character...... E=.05 \M 
OF @Preliminary, railroad!strveys..s-.... 42s. ae E=.1 VM 


In these formulas E denotes the permissible error of closure 
in feet, and M the length of the circuit in miles. For example, 
in a circuit 100 miles long, in the United States Geological 
Survey, the permissible error of closure is found by substituting 
100 for M in the formula for class 7; thus, E=.05 V100 =0.5 
foot. 


69. Check-Levels.—Before the elevations obtained by a 
line of levels which does not form a closed circuit are finally 
adopted as a basis for construction work, their accuracy should 
be verified by another line of levels over the most important 
and permanent points whose elevations were taken by the 
former line. This second line then completes the circuit. 
Levels for the purpose of verifying previous work are called 
check-levels, or test levels. In running check-levels, the most 
common practice is to take only the elevations of bench marks 
and important permanent points with such turning points as 
may be necessary in order to cover the distance; nearly all the 
intermediate points are omitted. The check-levels should 
always be run in the direction opposite to that of the original 
line in order to eliminate the effect of unavoidable errors. 
If the variation in the elevation of a point as given by 
the two sets of levels is less than the permissible value of E, 
the true elevation of the point is determined as follows: The 
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difference in elevation between the starting point and the 
point in question is computed from each line of levels inde- 
pendently. Then, the average difference is added to, or 
subtracted from, the elevation of the starting point. But if 
the variation is greater than the allowable value of E, the 
levels should be run again over that portion of the line in 
which the variation occurs, in order to determine which of the 
elevations is correct. Where the true elevation of a bench 
mark is found to differ from the elevation marked on it, the 
value should be corrected. 


EXAMPLES FOR PRACTICE 


1. In good average work of the ordinary character, what would be the 
permissible error of closure in a line of levels of which the length is 18 miles? 


Ansara lett 
2. In the United States Geological Survey, what is the permissible 
error of closure in a line of levels 50 miles long? Ans, .354 ft. 


3. In the United States Lake Survey, what is the permissible error of 
closure in running a line of levels over a distance of 30 miles? 
Ans. .230 ft. 


PROFILES 


70. Definition.—A profile is a representation of the vertical 
section along a survey line. It shows the horizontal and 
vertical distances between points on the line as if the line 
were straight; that is, in a vertical plane. The actual line may 
be partly curved as in the case of a railroad or highway, or 
broken as in a sewer or water line. 

The vertical distances on a profile are usually represented 
to a larger scale than the horizontal distances in order to make 
more distinct the irregularities of the surface along the line of 
survey. Therefore, a profile is seldom a true section along 
the line, except in geological work, where the horizontal and 
vertical distances are represented to the same scale. For 
railroad work, profiles are commonly constructed toa horizontal 
scale of 400 feet to the inch and a vertical scale of 20 feet 
to the inch. For municipal work, it is common to use a 
horizontal scale of 40 feet to the inch and a vertical scale of 


Va 


64 LEVELING 


4 feet to the inch. Other scales are also used according to 
the character and requirements of the work. 


71. Construction.—A profile can be constructed on plain 
paper in the following manner: 

First, draw a reference line near the lower edge of the paper. 
For convenience, it is customary usually to make the eleva- 
tion of the reference line slightly less than the lowest point on 
the survey, so that all points to be located will be above this 
line. Then, on the reference line, lay off to the horizontal scale 
the distances from the starting point of the survey to the 
stations whose elevations have been taken. Number these 
station points at intervals for identification, and from each 
point draw upwards in pencil an indefinite vertical line. On 
each vertical line locate a point representing the ground surface, 
by laying off, to the vertical scale, the difference in elevation 
between the reference line and the ground surface at the sta- 
tion. A heavy ink line connecting these points will constitute 
the profile of the survey line. The profile line should be drawn 
freehand to correspond to the natural irregularities of the 
earth’s surface. As a guide in drawing the ink line when the 
points are far apart, they may first be connected by light 
pencil lines drawn with a straightedge. After the ground line 
has been drawn, the vertical lines at the stations are usually 
inked in between the reference line and the ground line. 

In Fig. 34 is shown the profile that would be drawn from the 
level notes given in Fig. 28. The horizontal scale is 1 inch 
equals 400 feet, and the vertical scale is 1 inch equals 20 feet. 
The elevation of the reference line is taken as 70 feet, this 
number being marked at each end of the line; on long lines the 
elevation would be marked at several intermediate points. 
The station numbers along the reference line in Fig. 34 are 
numbered every 500 feet, though often they are numbered at 
every 100 feet or at every 1,000 feet. The calculations for 
drawing this profile are as follows: 

The elevation of Station 0, as given in Fig. 28, is 97.4; 
therefore, its height above the reference line is 97.4—70 =27.4 
feet. This distance laid off.on the vertical line at Station 0 
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locates the position of the surface at that place. The elevation 
of Station 1 is 96.0; therefore, a distance of 96.0 —70 = 26.0 feet 
is laid off on the vertical line at Station 1, thus locating the 
surface at that point. To locate the surface at Station 2, the 
distance to be laid off on the vertical line at that station is 
93.1—70.0=23.1 feet. The heights of the remaining stations 
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Scales: Hortz, 17= 400 ft. 
Vert. 17220 ft. 
Fie. 34 


above the reference line are laid off in a similar manner on the 
vertical lines at the. corresponding stations. Finally, the 
surface line is drawn between the points as already described. 


72. Profile Paper.—In order to facilitate the construction 
ef profiles, paper prepared especially for the purpose is com- 
monly used; this has horizontal and vertical lines in pale green, 
blue, or orange, so spaced as to represent certain distances to 
the horizontal and vertical scales. Such paper is called profile 
paper. The most common form of profile paper is divided 
into }-inch squares. Then the space between each two hori- 
zontal lines is divided into 5 equal parts by lighter horizontal 
lines, the distance between these light lines, therefore, being 
zo inch. Consequently, with the scales commonly used for 
railroad profiles, the light horizontal lines are 1 foot apart and 
the vertical lines are 100 feet apart. Of course, any desired 
values can be assumed for the spaces according to the require- 
ments of the work. In order to aid in estimating distances, 
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each tenth line in both directions is made extra heavy. A 
piece of profile paper showing the profile for the level notes 
given in Fig. 28 is illustrated in Fig. 35. The method of locat- 
ing the points is similar to that explained in the preceding 
article but the distances can be found from the lines on the 
paper without actually measuring them. The elevation of the 
extra-heavy line is assumed to be 100 feet, and each division 
between light horizontal lines represents 1 foot. Then the 
ground at Station 0 is located 2.6 spaces below the extra-heavy 
line, and the ground at Station lis 4 spaces below. At Station 
4+60, the elevation is 86.3, and the ground is 13.7 spaces 
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below the extra-heavy line; since each heavy line represents 
5 spaces, the point can be located by counting 2 heavy lines 
and then 3.7 spaces additional. The ground at Station 4+60 
can also be located by first determining the heavy line at 
elevation 85.0 and then proceeding upwards 1.3 spaces. 


73. Grade Lines.—In important engineering work, before 
the actual construction is begun, it is customary to decide on 
the position of some prominent line in the completed work and 
to adopt it as a line of reference; this line is called a grade line. 
The elevation of the grade line at any point is known as the 
grade at that point. When planning a railroad, the grade line 
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represents the proposed position of the base of the rail; and 
for a street or highway, the grade line is the finished surface at 
the center line. In constructing a railroad ora highway, how- 
ever, the proposed surface of the ground, which is called the 
subgrade, is taken as the grade line. Grade lines are usually 
straight for considerable distances. The grade line is shown 
with the profile of the present ground so that the distance of 
the present ground above or below grade can be readily seen. 
If a point on the profile of the original ground is above the 
subgrade, material must be excavated; while if a point on the 
profile of the ground is below the subgrade, it is necessary to 
fillin material. The process of excavating and filling to make 
the surface of the ground correspond to the proposed subgrade 
is called grading. 

The principal purpose for which a profile is constructed is 
to enable the engineer to establish the grade line. For a rail- 
road or a highway, the subgrade should, when possible, be 
located in such a position that the excavation and embank- 
ment will be nearly the same in amount. The position of the 
grade line having been determined, it is drawn on the profile in 
red ink. 


74. Rate of Grade.—The inclination of a grade line to the 
horizontal may be expressed by the relation between the rise 
or fall of the line and the corresponding horizontal distance. 
The amount by which the grade line rises or falls in a unit 
horizontal distance is called the rate of grade or the gradtent. 
The rate of grade is usually expressed as a percentage; that is, 
as the rise or fall in a horizontal distance of 100 feet. For 
instance, if the grade line rises 2 feet in 100 feet, it has an 
ascending grade of 2 per cent., which is written +2%. If the 
grade line falls 1.83 feet in 100 feet, it has a descending grade of 
1.88 per cent., which is written —1.83%. The sign + indicates 
a rising grade line and the sign — indicates a falling grade line. 
Sometimes the sign % is omitted. 

The rate of grade is written along the grade line on the 
profile, and the elevation of grade is written at the extremities 
of the line and at each point where the rate of grade changes. 
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It is common practice to enclose in small circles the points on 
the profile where the rate of grade changes. 


75. All computations relating to rates of grade can be 
performed by applying the following rules: 


Rule I.— The rate of grade, in per cent., is equal to the total 
rise or fall in any horizontal distance divided by the horizontal 
distance and multiplied by 100. 


Rule II.— The total rise or fall of a grade line in any given 
horizontal distance ts equal to the rate of grade, in per cent., multi- 
plied by the horizontal distance and divided by 100. 


Rule III.— The horizontal distance in which a given grade 
line will rise or fall a certain amount ts equal to the amount of 
rise or fall divided by the rate of grade, in per cent., and multiplied 
by 100. 

EXAMPLE.—The total rise of a certain grade line is 66 feet in a horizontal 
distance of 1 mile. (a) What is the rate of grade? (6) If the elevation of 


the grade at Station 2+00 is 150.00 feet, what is the elevation of the 
grade at Station 13+00? 


SoLution.—(a) In 1 mile there are 5,280 feet; then, by rule I, the rate of 
grade is 


ee t. An 
5,280 a per cent. Ss. 


(b) The horizontal distance between Station 2400 and Station 13+00 
is 1,100 feet. The total rise of the grade line between these two stations 
is, according to rule II, 


1,100 X1.25 
Se ee 
100 ; 


The elevation of the grade at Station 2 is 150.00 feet; therefore, the 
elevation of the grade at Station 13 is 150.00+13.75=163.75 ft. Ans. 


76. Cutand Fill.—The subject of leveling does not properly 
include cut and fill, but since grading is associated very closely 
with the subjects of profiles and grade lines, the following 
explanation is given here. The vertical distance of the sub- 
grade below the surface line at any point, as shown on the 
profile, will be the depth of excavation, or cutting, necessary 
to bring the surface of the ground to the established grade at 
that point. Likewise the vertical distance of the subgrade 
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above the surface line at any point will represent the depth of 
embankment, or filling, necessary to bring the surface of the 
ground to the proposed grade. The depth of excavation and 


GrapInG Notes 


Elev Elev Cut 
Sta. DSR ate Rod of of or Remarks 
Surf Grade Fill 
Bevis 100.000 Spike on root 
102.172 | + 2.172 of white oak 
0 — 4.75 97.42 | 100.00 | F. 2.58 stump 60 ft. to 
1 — 6.14 96.03 99.50 | F. 3.47 left of Sta. 0. 
2 — 9.03 93.14 99.00 | F. 5.86 
2+50 — 8.19 93.98 98.75 | F. 4.77 
3 — 7.58 94.59 98.50 | F. 3.91 
4 — 7.36 94.81 98.00 | F. 3.19 
TSP. — 8.543 | 93.629 Top of stake near 
98.212 | + 4.583 Sta. 4. 
4+60 —11.93 86.28 97.70 | F. 11.42] Spring Brook. 
5 — 0.47 97.74 97.50 | C. 0.24 
ANG 32e — 2.674} 95.538 Nail in notch in 
105.862 | +10.324 stump of beech 
5-+75 — 2.39 | 103.47 97.12 | C. 6.35 tree opposite 
6 — 2.04 | 103.82 97.00 | C. 6.82 Sta. 5+30. 
if — 6.38 99.48 96.50 | C. 2.98 
8 — 7.67 98.19 96.00 | C. 2.19 
9 — 6.48 99.43 95:50 (C23.98 
10 — 8.70 97.16 95.00 | C. 2.16 
shoes —10.171 | 95.691 On rock near 
98.134 | + 2.448 “| otas LO: 
iil — 2.45 95.68 94.50 | C. 1.18 
12; — 7.20 90.93 94.00 | F. 3.07 | Spike on root 
13 — 8.85 89.28 93.50 | F, 4.22 of large maple 
AN —11.292 | 86.842 tree 50 ft. to 
the right of 
Sta. 13+80. 
Fic. 36 


the depth of embankment are, for short, commonly spoken of 
as the cut and the fill, respectively. 

The cut or the fill is usually calculated for each station in 
connection with the level notes and recorded in the notebook. 
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At each station where the elevation of the surface exceeds the 
elevation of the grade, the difference will be a cut. At each 
station where the elevation of the grade exceeds the elevation 
of the surface, the difference will be a fill. The cuts are desig- 
nated either by the letter C. or by the sign +, and the fills 
are indicated either by F. or by —. 


77. Calculation of Cut and Fill—The grading notes given 
in Fig. 36 are a repetition of the typical level notes of Fig. 30, to 
which are added the elevation of grade and the cut or the fill 
at each station. This form of notes is convenient since the six 
columns on the left-hand page of the notebook are sufficient. 

The elevation of grade at Station 0 is established at 100.0 
feet, and the rate of grade is taken as—0.5. Hence, the eleva- 
tion of grade at Station 1 is 100.0—.5=99.5 feet; the elevation 
of grade at Station 2 is 99.5—.5=99.0 feet. The elevation of 
grade at each succeeding station is determined in a similar 
manner and written in the column headed Elev. of Grade. 


The elevation of grade at Station 4+ 60 is 98.0-2* 97.7 


feet, and the elevation of grade at Station 5+75 is 97.5— ors 
= 97.12 feet. 

The difference between the elevation of grade and the sur- 
face elevation at Station 0 is 100.00 —97.42 =2.58 feet; since 
the elevation of grade exceeds the elevation of the present 
ground, a fill is necessary as indicated in the notes. At 
Station 5, the difference between the present surface and the 
proposed grade is 97.74—97.50=0.24 feet; since the present 
surface is higher, material must be cut. 


EXAMPLES FOR PRACTICE 


1. Between Stations 10+00 and 25+00 of a certain survey there is 

a grade of +2.00 percent. If the elevation of the grade at Station 10+00 
is 48.00 feet, what is the elevation of the grade (a) at Station 15+00, 
(6) at Station 18+-75, and (c) at Station 23+67? (a) 58.00 ft. 
Ans.} (6) 65.50 ft. 

(c) 75.34 ft. 
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2. If the elevation of the grade at Station 0 is 150.10 feet and that of 
the grade at Station 15+80 is 67.15 feet, what is the rate of grade? 

Ans. —5.25% 

3. What is the total rise of a +3.75 per cent. grade in a distance of 

2,640 feet? Ans. 99.00 ft. 


4. In what horizontal distance will a grade of +4.2 per cent. effect a 
rise of 94.50 feet? Ans. 2,250 ft. 
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THE BAROMETER 


78. Air Pressure.—A body submerged in water is sub- 
jected to a pressure caused by the weight of the water above it; 
and the deeper the body is below the surface of the water, the 
greater is the pressure. The air surrounding the earth, 
known as the atmosphere, also has weight and, therefore, 
exerts a pressure on bodies, which is called atmospheric 
pressure. This pressure depends on the distance below the 
surface of the atmosphere, or on the distance above or below 
sea level, which is the usual reference surface. The atmos- 
pheric pressure is greater at sea level than at higher points, and 
decreases as the altitude increases. The difference between 
the atmospheric pressure at two points may, therefore, serve as 
a measure of the difference in elevation between the points. 


79. Barometers.—Instruments for measuring atmospheric 
pressure are known as barometers. Barometers are of two 
general kinds. In one kind, called the mercurial barometer, 
the atmospheric pressure is indicated by the height of a column 
of mercury. In the other kind, called the aneroid barometer, 
the pressure is indicated by the deflection of the sides of a metal 
box from which the air has been removed. 

Mercurial barometers are more accurate than aneroid 

‘barometers, but, as they are not so portable, their use is confined 
almost exclusively to laboratory work. Aneroid barometers 
are now made sufficiently accurate for ordinary purposes; and 
the ease with which they can be carried makes them well suited 
for leveling where only approximate elevations are required. 
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80. Mercurial Barometer.—A mercurial barometer, illus- 
trated in Fig. 37, is constructed as follows: A glass tube, 
about 36 inches long and closed at one end, is filled with 
mercury. Then, while the open end of the tube is covered to 
prevent the escape of the mercury, the tube is inverted and the 
open end is submerged in mercury contained ina cup. When 
the open end of the tube is uncovered, 
and the mercury allowed to come to 
rest, the surface of the mercury in the 
tube will be about 30 inches vertically 
above that in the cup. 

The reason why the surface of the 
mercury does not have the same ele- 
vation in the tube and in the cup is 
that there is no air above the mercury 
in the tube, but the mercury in the 
cup is exposed to the atmospheric 
pressure. Therefore, the atmospheric 
pressure balances a column of mercury 
about 30 inches high, the weight of 
which can be determined. The weight 
of a cubic inch of mercury is .49 pound; 
and if the tube is assumed to have an 
area of 1 square inch, the volume of 
the mercury column is 30 X 1=30 cubic 
inches, and its weight is 49X30 =14.7 
pounds. Since the weight acts on an 

area of 1 square inch, the pressure 
2 due to this weight is 14.7 pounds 
per square inch. This pressure is 
balanced by the atmospheric pressure; 
hence, the atmospheric pressure at sea level for a temperature of 
60°Fahrenheit is 14.7 pounds per square inch. Such a pressure 
is often called a pressure of 1 atmosphere and is the standard 
commonly used for the atmospheric pressure when no other is 
given. It must be remembered that the atmospheric pressure 
is affected by other conditions besides altitude, and that 
the barometer reading fluctuates as the weather changes. 
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The temperature of the air also affects the pressure somewhat, 
cold air being heavier than hot air. The reading of a barom- 
eter, therefore, depends on the temperature as well as on the 
altitude. For this reason the temperature should be observed 
whenever the pressure is read. 


81. Atmospheric pressure is often expressed by the height 
of a mercury column which it supports. For instance, if the - 
mercury in the tube of a barometer is 29 inches above the 
mercury in the cup, the pressure is said to be 29 inches; 
similarly, a pressure of 31 inches means that the mercury in 
the tube of a barometer is 31 inches above the mercury in the 
cup. When the atmospheric pressure varies, the height of 
the mercury column changes; an increase in pressure causes the 
surface of the mercury in the tube to rise, and a decrease in 
pressure allows the surface to drop. The higher the altitude, 
the lower is the pressure, and, consequently, the shorter is the 
column of mercury. The atmospheric pressure at sea level is 
about 30.0 inches; at an elevation of 1,000 feet above sea level, 
it is about 28.9 inches; at 2,000 feet, 27.8 inches. 


82. Aneroid Barometer.—There are many types of aneroid 
barometers, but all are essentially the same in action. An 
aneroid barometer consists of a metal case with a glass face; 
and in the case is a flat cylindrical chamber from which the 
air has been exhausted. The circular sides of this chamber, 
corresponding to the ends of a cylinder, consist of thin corru- 
gated metal plates reinforced at the center by strong metal 
disks. The variation in the atmospheric pressure is indicated 
by changes in the deflection of the plate. As the atmospheric 
pressure increases, the difference between the pressures inside 
and outside the chamber becomes greater; consequently, the 
plate is deflected more. Conversely, as the atmospheric 
pressure decreases, the difference between the pressures out- 
side and inside the chamber becomes less, and the elastic 
resistance of the metal reduces the deflection. The motion of 
the plate, greatly multiplied, is transmitted by means of a 
system of levers to a pointer that moves over graduated scales; 
the pointer and scales are visible through the glass face of the 
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instrument, as shown in Fig. 38. Most aneroid barometers 
have two scales as shown in the figure. The inner, called the 
mercury scale, indicates the pressure in inches of mercury at the 
time of observation; readings on the outer, or altitude scale, 
may be used for determining differences in elevation directly. 


83. Altitude and Mercury Scales.—Some aneroid barom- 
eters, like that in Fig. 38, show altitudes above sea level 
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only; others read both above and below sea level. Also the 
limits of the altitudes vary considerably. The barometer 
shown in Fig. 88 measures up to 10,000 feet above sea level, 
but similar instruments are made that measure to 20,000 feet. 

There are various methods of graduating the scales. On 
the mercury scale in Fig. 38, the inches are numbered with 
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large figures, and every alternate tenth of an inch is numbered 
with a smaller figure. Each tenth of an inch is divided into 5 
parts, and, therefore, each very small division represents 
3 X-1=.02inch. Incase the pointer is between graduations, the 
nearest half-division, that is, the nearest hundredth of an inch, 
can be easily estimated. For the position shown, the pointer 
reads about 29.43 inches. 

On the altitude scale in Fig. 38, each 1,000 feet is numbered 
and the smaller figures indicate the hundreds. Each 100- 
feet is divided into 5 parts and each small division, therefore, is 
3 X100=20 feet. By means of the vernier, which is shown 
near the 1,400-foot graduation, the altitude can be read to the 
nearest foot. 

The vernier can be set at any point on the scale by turning 
the milled screw shown at the top of the case. To assist in 
reading the scale and vernier, a movable magnifying glass, 
shown at the 3,000-foot graduation in Fig. 38, is provided. 


84. The mercury scale on a barometer records accurately 
the atmospheric pressure, but the pressure at any altitude 
varies for different locations, and at the same place it is con- 
tinually changing as the temperature changes. Furthermore, 
as shown in Fig. 38, the zero of the altitude scale generally 
coincides with 31 inches on the mercury scale, which is seldom 
the value of the atmospheric pressure at sea level. The eleva- 
tion indicated on the altitude scale of a barometer may, there- 
fore, differ considerably from the true value at the point of 
observation. However, if observations are taken at two 
points, the difference in elevation between the points can be 
determined with sufficient accuracy for ordinary purposes. 

Barometers are made in which the zero of the altitude scale 
can be moved to coincide with any graduation on the mercury 
scale. But, for good work, zero of the altitude scale should be 
kept at the mercury reading that was assumed to correspond to 
sea level in graduating the altitude scale. 


85. Compensation for Temperature.— Unless a barometer 
is specially designed, variation in temperature so affects its 
parts that different readings are obtained for the same actual 
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pressure. Therefore, some instruments are so constructed 
that this effect of temperature changes is automatically cor- 
rected. Such barometers are marked, “Compensated,” as 
shown in Fig. 38. 


86. Care of Aneroid Barometer.—An aneroid barometer 
is necessarily of delicate construction. Therefore, great care 
should be exercised, when the instrument is being used and 
carried, to protect it from shocks and jars, from moisture, from 
the direct rays of the sun, and from the heat of the body or an 
artificially warmed room. Each aneroid barometer is provided 
with a leather case in which it should always be carried. 


DETERMINATION OF ELEVATIONS WITH A BAROMETER 


INTRODUCTION 


87. Variations in Pressure.—If{ the pressure for a given 
altitude were constant, a certain barometer reading would 
always indicate a certain altitude. Unfortunately, however, 
the pressure of the air for a given elevation varies. The three 
principal factors in the variation are time, location, and tem- 
perature. 

The pressure of the air changes, as the weather changes, from 
day to day and from hour to hour; in dry settled weather it is 
about from 30.5 to 31 inches of mercury at sea level, while in 
stormy weather it is about 1.5incheslower. It is also a matter 
of observation that at the same time the weather may be 
different in different places; consequently, the atmospheric 
pressure depends on the locality. Then, too, a given volume of 
cool air weighs more than an equal amount of warm air; hence, 
the pressure of the air varies with the temperature. 


88. Taking Readings.—When a barometer reading is 
taken, the instrument should have as nearly as possible the 
temperature of the surrounding air, which temperature should 
be observed at the same time. A mercurial barometer should 
be kept vertical and the surface of the mercury in the cup should 
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be at the elevation of the point the height of which is to be 
determined. An aneroid barometer should be horizontal and 
in the open air. The case should be tapped gently before the 
reading is taken. 


89. Formulas for Difference in Elevation.—Since the 
pressure of the air varies with the altitude, it follows that 
the difference in elevation between two points is measured by 
the difference between the pressures at the points. It has also 
been found that the pressure of the air is affected by its tem- 
perature. When the pressures and temperatures at two points 
are known, the approximate difference in elevation between 
the points may be found by one of the following formulas. 
These formulas are derived from the data of many experiments, 
and the results are sufficiently accurate for practical use. 

When the pressures in inches of mercury are observed, the 
formula for the difference in elevation is 


2=58.4 21 P2(g364 4,44) (1) 
pithr 
in which z=difference in elevation between two stations, in 
feet; 
pi=pressure at lower station, in inches of mercury; 
p2=pressure at higher station, in inches of mercury; 
t;= temperature at lower station, in degrees Fahren- 
heit. 
t, = temperature at higher station, in degrees Fahren- 
heit; 
When the altitude scale on the barometer is read, the dif- 
ference in elevation may be found by the formula 


900+11+t (2) 
1,000 


in which 2z, ti, and ft, have the same meanings as informula 1 ; 


a> (he—hy) 


ho =altitude reading at upper station, in feet; 
h,=altitude reading at lower station, in feet. 


Since the results obtained by the use of these formulas are 
only approximate, they may be taken to the nearest 10 feet. 
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EXAMPLE 1.—Suppose the barometer at one station reads 26.25 inches 
with the temperature at 72° F., and at a second station it reads 24.95 inches 
with the temperature at 46° F. What is the difference in elevation? 

SoL_utrion.—In formula 1, substitute the values p1= 26.25 in., p2=24.95 
ie ti— (2, and b—46.. hen, 

26.25 — 24.95 
oe e os Lon 1,410.ft. Ans. 

EXAMPLE 2.—The reading on the altitude scale at a station is 437 feet 
and the temperature is 60° F. At another station, the barometer reading 
is 1,118 feet and the temperature 50° F. Find the difference in elevation 
between the stations. 

SoL_uTIon.—In formula2, substitute the values 4, = 437 ft., 42=1,118 ft., 
t,=60°, and £=50°. Then, 


900+ 60+50 
= = ————=690 ft. Ans. 
z= (1,118—487) 1,000 0 S 


, 


EXAMPLES FOR PRACTICE 


1. The reading of a barometer at a station is 28.44 inches and the tem- 
perature is 60°. At another station the barometer reading is 24.33 inches 
_ and the temperature is 40°. Calculate the difference in elevation between 
the two stations. Ans. 4,260 ft. 


2. The readings of the altitude scale at two stations are 4,526 feet and 
5,910 feet; and the respective temperatures are 42° and 34°. What is the 
difference in elevation? Ans. 1,350 ft. 


3. The barometer readings at two points are 2,350 feet and 6,600 feet. 
If the temperatures are, respectively, 58° and 42°, what is the difference in 
elevation? Ans. 4,250 ft. 


FIELD OBSERVATIONS 


90. Method With One Barometer.—The field observations 
in barometric leveling may be made with either one barometer 
or two. If one instrument is used, it is placed first at the 
point of known elevation and then is moved as rapidly as 
possible to the other stations whose elevations are required. 
At each point, the time, the temperature, and the barometer 
reading are observed. The difference in elevation between 
the starting point and each other station can be computed by 
one of the formulas of Art. 89. The elevation of any station 
is then found from the elevation of the reference point by 
adding or subtracting the difference in elevation for the station 
in question. 
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In the preceding method large errors are likely to be intre- 
auced on account of the time which elapses between observa- 
tions at the different points. Better results are obtained if the 
observations are repeated, the points being visited in the reverse 
order, and the average of the two values for each station taken. 


91. Method With Two Barometers.—The best way to 
determine differences of elevation from air pressures is to use 
two barometers. One instrument is kept at a point of known 
elevation. At intervals, the time, the temperature, and the 
barometer reading are observed. The other barometer is 
moved from station to station, and at each, the time, the 
temperature, and the barometer reading are recorded. The 
same scale must be read on both barometers. The data 
for the reference point for any time can be obtained from the 
observed values by interpolation, the variation in conditions 
being assumed to be uniform between observations. 


Observations at Station Observations with Moving 
of Known Elevation Barometer 


Elev. of a=604 


Time Barom. Temp. Sta. Time  Barom. Temp. 
A. M. In. Deg. F. A. M. In. Deg. F. 
8:30 29.20 63° 

9:00 29.36 65° b 9:00 28.65 60° 


9:30 29.55 68° 


10:00 29.65 WP c 9:55 30.00 58° 

10:30 29.68 or d 10:22 28.06 54° 

11:00 29.62 ita € OFS 29.80 50° 
Fic. 39 


Typical field notes for leveling with two barometers are 
shown in Fig. 39. 

The elevations at the stations are determined in the following 
manner. Since observations at a and b were taken at the same 
time, the difference in elevation is found simply by applying 
formula 1 of Art. 89. Thus the vertical distance between 


a and b is Pee Ae (835-165 60) = 690 feet. 


29.36 + 28.65 
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Station b is higher than a because the barometer reading at b 
islower. The elevation of b is, therefore, 604-+690 = 1,294 feet. 

In order to find the elevation at c, it is necessary to determine 
the barometer reading and the temperature at a at 9:55 
A.M. . The data for the reference point a at any time can be 
obtained from the observed values by interpolation, as the 
variation in conditions is assumed to be uniform between obser- 
vations. The difference in time between 9:30 and 10:00 is 30 
minutes; the change in pressure at a for this interval is 29.65 
—29.55=.10 inch and the change in temperature is 72°—68° 
=4°. The interval between 9:30 and 9:55 is 25 minutes. 
The variation in pressure at a from 9:30 to 9:55, therefore, is 


=-X.10=.08 in., and the variation in temperature is xd 


=3°. The values of the pressure and temperature at a at 
9:55 equal, respectively, 29.55-+ .08 = 29.63 in. and 68+3=71°. 
Then the difference in elevation between a and c is z=58.4 


Be oe (eb eBSae 71 350 feet, and since c¢ is lower 
30.00-+ 29.63 


than a the elevation of c is 604—350=254 feet. The eleva- 
tions of d and e are obtained in a similar manner. 


92. Accuracy of Barometric Leveling.—The differences 
between the altitudes as determined by direct leveling and those 
computed from barometer readings are often considerable. 
It is impossible to give any precise rule. First, because of the 
inaccuracy of the barometer itself, an error of 5 or 10 feet may 
be expected. Then the results depend on many varying 
quantities, such as the weather, the vertical and horizontal 
distances between the stations, the method of conducting the 
work, and the care of the observer. As an indication of the 
value of barometric leveling, it may be stated that a variation 
of 20 feet may be expected; and when the points are far apart, 
one of 50 feet is possible even in good work. 


EXAMPLES FOR PRACTICE 


1. From the notes in Fig. 39, determine the elevation of Station d. 


Ans. 2,174 ft. 
2, Find the elevation of Station e. Ans. 444 ft. 


COMPASS SURVEYING 


THE COMPASS 


PRELIMINARY EXPLANATIONS 


INTRODUCTION 


1. Compass and Transit.—The main instruments used 
for measuring angles in surveying are the compass and the 
transit. Formerly, the compass was used extensively in survey- 
ing, but it has been largely superseded by the transit, which is 
a more accurate instrument and is more suitable for most kinds 
of surveying work. At present, the compass is used chiefly 
for relocating lines of old surveys. It is also employed to a 
limited extent in preliminary work on railroads and occasionally 
in new land surveys where the property is of little value. 


2. One important feature that distinguishes the method of 
measuring angles with the compass from that with the transit 
is that by means of a transit the angle formed by any two 
lines can be measured directly, whereas the compass can serve 
only for measuring the angle that a given line makes with the 
magnetic meridian or magnetic needle. To determine the 
angle between two lines by means of the compass, the angle 
that each line makes with the magnetic needle must first be 
measured; and from these values, the required angle may then 
be calculated as follows: 

Let AB, Fig. 1, be the direction of the magnetic needle. To 
determine the angle CAD by means of the compass, the angles 
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BAC and BAD that AC and AD make with the magnetic 
needle must first be measured. Then in the case shown in (a), 
angle CAD=angle BAC+angle BAD 

and in the case shown in (0), 
angle CAD=engle BAD—angle BAC 


B B 
C C 


A os 
(@) (®) 
Fic. 1 
3. Meridians.—The directions of the lines of a survey are 
usually given with respect to some fixed reference line, which 
is called a meridian. At each point on the earth’s surface, 
there are two definite lines, the true meridian and the magnetic 
meridian, which are generally used in surveying. 


4. True Meridian.—The axis on which the earth rotates 
is an imaginary line cutting the earth’s surface in two points 
known as the north geographic pole and the south geographic 
pole. The line passing through a point on the earth’s surface 
and directed toward the geographic poles is called the true 
meridian at the given point. 


5. Magnetic Meridian.—If a magnetized steel bar is 
allowed to rotate on a pivot near its center, the bar will always 
take very nearly the same direction at any place. The line 
thus indicated is called the magnetic meridian at the given point; 
it has the general direction of the true meridian. A magnet- 
ized bar is acted upon by two magnetic forces, which are 
assumed to be at two points, called magnetic poles, on opposite 
sides of the earth’s surface and near the ends of the earth’s 
axis. The magnetic pole near the north geographic pole is the 
north magnetic pole, and the other, which is near the south 
geographic pole, is the south magnetic pole. The same end of a 
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freely-suspended magnetized bar will always point toward the 
north and this end is known as the north end of the bar; the 
other end of the bar is its south end. 

Meridians are circles on the earth’s surface and meet at the 
poles. But, for the purposes of ordinary surveying where 
relatively small areas are considered, meridians are treated as 
parallel straight lines that lie in a horizontal plane. 


6. Azimuths.—The azimuth of a line is the angle between 
a meridian and the line, and is always measured from the 
meridian in a _ clockwise 
direction from 0° to 360°: 
in surveying, azimuths are 
generally measured from 
the north point, but some- 
times the south point is 
used. Unless otherwise 
stated, azimuths will be 
considered as measured 
from the north. In Fig. 2, 
NS represents a meridian 
with N toward the north; 
the azimuth of OA is 115°, gee: 
that of OB is 246°, and that 
of OC is 300°. Azimuths 
are called true azimuths 
when measured from a true meridian, and magnetic azimuths 
when measured from a magnetic meridian. 


N 


a 


Ss 
Fic. 2 


7. Bearings.—The angle between a meridian and a line 
may be given by the bearing of the line instead of by the 
azimuth. In determining bearings, the plane around a point 
is divided into four quadrants by two lines, of which one is in 
the direction of the meridian and the other is at right angles to 
the meridian. Bearings are reckoned from 0° to 90° in 
each quadrant, the zero points being in the meridian and the 
90° points in the east-and-west line. It is thus seen that there 
are four lines, one in each quadrant, which make the same 
angle with the meridian. In order to distinguish between 
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these lines, the letters N, E, S, and W, indicating north, east, 
south, and west, respectively, are used to show the quadrant. 
Thus, if a line is in the northeast quadrant, its bearing is 
written with the letter N preceding the value of the angle, 
and the letter E following the angle. For a line in the south- 
east quadrant, the letter S precedes the angle and EF follows. 
Lines in the other quadrants are indicated by the correspond- 
ing letters in a similar manner. For example, the bearing of 
the line OP, in Fig. 3 is written N 60° E, called north 60° east, 
because the line OP, lies in the quadrant between north and 
east and the angle with the meridian is 60°. The bearing of 
the line OP: is N 42° W, called north 42° west, because OP» is 
in the quadrant between north and west and the angle with 
the meridian is 42°. Similarly the bearing of the line OP; is 
S 70° W (south 70° west) and the bearing of the line OP, is 
S 50° E (south 50° east). 

The angle is always measured from the north or south, and 
never from the east or west; and the letter N or S always 
precedes the angle, while E or W follows. If the line is in the 
direction ON, its bearing is said to be due north; similarly, the 


Fic. 3 


bearings of the lines OE, OS, and OW are due east, due south, 
and due west, respectively. Obviously, a bearing can never be 
greater than 90°. If NS is the magnetic meridian, the bear- 
ings are magnetic bearings, while if NS represents the true 
meridian, the bearings are true bearings. 


8. Angle Between Line and Meridian.—Lines on the 
earth’s surface are seldom horizontal; but when the direction 
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of a line is considered, the horizontal angle between the merid- 
ian and the line is understood. Thus, let AB, Fig. 4 (a), be 
a line on the ground; AN, a meridian through A; BH, a verti- 
cal line through B; and A H, a horizontal line passing through A 
and intersecting BH at H. Then the direction of the line AB 
is represented by the 
angle G between the 
meridian, which is 
horizontal, and AH. 
Any line, as AC, AD, 
oOtmeA F. iFiga 4a(b); 
through A and a point 
on the vertical line 
through B, has the Cn 
same direction as AB. 


N 


DESCRIPTION OF 
COMPASS 

9. General Con- 
struction.—The com- 
pass used in survey- 
ing, which is known 
as a surveyors’ com- 
pass, is shown in Fig. 
5. Its essential parts are a magnetized steel bar a, called a 
magnetic needle, which is supported freely on a pivot b at the 
center of a horizontal graduated circle c; and a pair of sights d 
attached to this circle. 

The needle and the graduated circle are enclosed in a brass 
case e, called the compass box, which has a glass cover. The 
compass box is secured to a plate f, at the ends of which the 
sights d are attached by means of milled-headed screws g and h. 
The sights are brass bars with narrow vertical slits 7 having 
small holes at the tops and bottoms; in sighting, a slit in one 
sight is viewed through a hole in the other sight. Often one 
of the slits in each sight is replaced by a wider opening witha 
very fine vertical wire to mark the line of sight. The sights 
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either are removable, as shown in Fig. 5, or are hinged so that 
they can be folded down over the compass box; thus, the 
instrument can be placed in a flat box when not in use. Some- 
times one of the sights is graduated on the side so that angles 
in a vertical plane can be measured; in Fig. 5, the right-hand 
sight is so graduated. 

In order to indicate when the plate f is horizontal, two 
spirit levels 7, one parallel to the line of sight and the other at 
right angles to it, are screwed to the plate. Each level consists 
of a glass tube nearly filled with alcohol or a mixture of alcohol 


| 


and ether, the remaining space being occupied by a bubble of 
air, The tube is mounted in a brass case, which is attached to 
the plate. 


10. Tripod and Mounting.—The compass is usually 
supported on a tripod, Fig. 6, which consists of three legs a 
shod with steel points and connected by hinge joints to a metal 
tripod head b. Occasionally a single straight pole about 44 feet 
long, called a Jacob staff, is used instead of a tripod. This 
staff has a pointed metal shoe which can be stuck in the ground. 
With both types of supports, a special mounting, such as that 
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shown in Fig. 7, is provided at the top for attaching the com- 
pass. The socket k, Fig. 5, which fits over the spindle |, Fig. 7, 
is either permanently attached or screwed to the plate f, Fig. 5, 
and is held in place on the spindle by the lock screw m, Fig. 5, 
which drops into the small groove n, Fig. 7. The socket turns 
freely on the spindle, but can be 
secured in any position by the 
clamp screw 0, Fig. 5. 

In Fig. 8 is shown a sectional 
view of the mounting with the 
socket k. On the lower end of 
the spindle / is a carefully 
turned ball p; this rests in a 
spherical socket q in the top of 
the sleeve 7, which screws on the 
tripod head or staff head. The 
ball is held in the socket by a 


iGO 


ring s, which is screwed on the sleeve y and which is ground 
to fit the ball. When the ring s is loosened, the ball can be 
moved easily to level the instrument; and by tightening the 
ring, the ball can be held securely in the desired position. 
Such a joint is called a ball-and-socket joint. 

Instead of the mounting shown in Fig. 7, an arrangement 
consisting of a plate and four leveling screws can be used for 
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leveling the compass. However, as the compass is never used 
in work requiring great accuracy, the simple ball-and-socket 
joint is generally employed. 


11. Needle.—In Fig. 9 is shown a plan of the compass box. 
The needle a is mounted on a hard steel pivot b, ground to a 
fine point and secured in position at the center of the graduated 
circle c. The setting where the needle rests on the pivot 
usually consists of a jewel placed in a small metal cap on the 
needle. In the north- 
ern hemisphere, the 
south end of the 
needle carries a small 
sleeve or coil of wire ft, 
Figs. 5 and 9. This 
coil serves to distin- 
guish the north end 
from the south end, 
but the chief reason 
for its use is explained 
in the next article. 

By means ofa 
lever, operated by the 
thumbscrew u shown 
on the under side of 
the compass plate in 
Fig. 5, the needle may 
be lifted off the pivot 
and pressed against 
the glass cover of the 
compass box. This prevents the pivot from becoming blunted 
when the compass is being carried. 
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12. Dip of Needle.—In the northern hemisphere, the needle 
is nearer to the north magnetic pole than to the south magnetic 
pole, and the north end of the needle is attracted more strongly 
than the south end. Therefore, when a needle is freely sus- 
pended, its north end is lower than the south end. The angle 
of inclination with the horizontal is called the dip of the needle. 
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In the southern hemisphere, the needle tends to dip with its 
south end lower than the north end. In order to keep the 
needle horizontal, the coil of wire previously mentioned is 
placed on the south end in the northern hemisphere and on the 
north end in the southern hemisphere. Since the dip of the 
needle varies with the latitude, the wire coil is made free to 
slide along the needle. 


13. Needle Circle-——The graduated circle c, Figs. 5 and 9, 
is called the needle circle or compass circle. It is divided into 
quadrants by two lines, one in line with the sights and the 
other at right angles to the first. The graduations in line 
with the sights are marked 0; one of them is called the north 
point, and the other the south point. The sight near the north 
point is called the north sight and that near the south point is 
the south sight. ‘The north point is sometimes indicated as in 
Figs. 5 and 9, but the letter N, or some other symbol, is often 
used; the south point is indicated by the letter S. The gradu- 
ations at the other quadrant points are numbered 90, and are 
marked by the letters E and W, indicating east and west, 
respectively. The circle is sometimes divided into degrees, 
as shown here, but more often it is graduated in half degrees; 
each tenth degree is numbered. 

The fact that the terms north and south are applied to the 
zero points does not mean that the line through these points is 
always in a north-and-south direction; these names are used 
for convenience in reading bearings, as will be explained later. 
For the same reason, the positions of the east and west points 
are interchanged. When one faces north, east is on the right 
and west on the left; but on the needle circle, E is placed on 
the left and W on the right. 


14. Outkeeper.—The small dial v, Fig. 5, which is called 
an outkeeper, is used for counting tallies in chaining; it is 
turned by the milled-headed screw shown just beneath it. 
This is not an essential part of the instrument, and is not found 
on all compasses. 
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ADJUSTMENTS OF COMPASS 


15. Conditions of Adjustment.—A new compass, made 
by a good maker, is always in adjustment when it leaves the 
factory, but rough usage, a fall, or a hard blow may throw it 
out of adjustment. Besides several conditions that are taken 
care of in the construction of the instrument, the following are 
necessary for accurate work: 

1. The bubbles should remain in the centers of the tubes 
throughout a complete revolution of the compass plate on the 
spindle. 

2. The ends of the needle and the pivot must be in the 
same vertical plane. 

3.. The point of the pivot must be at the center of the needle 
circle. 

To ascertain whether these conditions obtain, three tests 
are performed. If corrections are necessary, adjustments 
should be made. The methods of making these tests and 
adjustments will now be described. 


16. To Adjust Plate Levels.—Set the tripod legs or the 
Jacob staff firmly in the ground, and bring the bubbles to the 
centers of the level tubes by moving the plate carefully by 
means of the ball-and-socket joint. Then revolve the compass 
on the spindle through 180°; that is, turn it end for end. If 
the bubbles remain in the centers of the tubes, the levels are in 
adjustment. But if turning the compass end for end causes 
either bubble to run toward one end of the tube, lower that end 
or raise the opposite end sufficiently to bring the bubble half- 
way back toward the center by means of the small screws that 
attach the ends of the tube to the plate. Then bring the 
bubbles to the centers by moving the plate by means of 
the joint. Repeat the operation until both bubbles remain in 
the centers of the tubes in both positions of the compass. 
This completes the first adjustment. 


17. To Straighten Needle.—After the plate levels have 
been adjusted, bring the bubbles to the centers, release the 
needle, and, when it comes to rest, turn the compass so that the 
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north end of the needle is exactly opposite some prominent 
graduation mark of the needle circle; also, observe the exact 
reading of the south end of the needle. Then remove the glass 
and rotate the needle without turning the plate, so that the 
south end of the needle is exactly at the former reading of the 
north end. This can be done best by pushing the needle with 
a match or a small piece of wood, which does not attract the 
needle. With the needle in this position, observe the new 
reading of the north end. If the north end reads the same as 
the south end did before the needle was rotated, the needle is 
straight. If the first reading of the south end and the second 
reading of the north end are not the same, remove the needle 
from the pivot and bend the needle carefully to correct one- 
half the difference. Suppose that, in the first position, the 
north end of the compass is set at N 20° E and the south end 
reads S 19°30’ W. Then when the south end is set at N 20° E, 
assume that the north end reads S 20° W. If the needle were 
straight, the north end in the second position would read S 19° 
30’ W. To straighten the needle, make the north end read 
half-way between S 19° 30’ W and S 20° W, or S 19° 45’ W, 
when the south end reads N 20° E. Check the adjustment by 
repeating the operation, using different graduation marks. 

It should be noticed that the two ends of the needle do not 
necessarily read alike for the same position of the needle; 
and if they do read alike, it does not indicate that the needle 
is straight. Thus, in the second position in the example just 
given, the reading of both ends of the needle is 20° but the 
needle was not straight. If in the second position the north 
end of the needle had read S 19° 30’ W to agree with the reading 
of the south end in the first position, no adjustment would have 
been necessary. 


18. To Center Needle Pivot.—Having, if necessary, 
straightened the needle, turn the compass in several positions 
and observe if the readings of the north and south ends of the 
needle agree for each position. If they do, the point of the 
pivot is at the center of the needle circle. If the readings of 
the ends of the needle do not agree, find the position of the 


12 COMPASS SURVEYING 


plate which shows the greatest difference and clamp the plate 
securely. Determine the distance that one end of the needle 
would have to be moved to make the readings of the two ends 
alike. Then remove the needle from the pivot and bend the 
pivot carefully at right angles to the direction of the needle so 
that the point moves one-half that distance. Repeat the 
operations until the readings of the two ends of the needle 
agree in all positions of the plate. 


SURVEYING WITH A COMPASS 


FUNDAMENTAL PRINCIPLES 


19. Object of Compass Measurements.—The compass is 
used primarily for measuring the magnetic bearings of lines. 
As previously explained, the angle between two lines may be 
determined from the bearings of the lines and, therefore, angles 
may be measured indirectly by means of the compass. 


20. Declination—Except in relatively few places, the 
magnetic meridian through a point on the earth’s surface does 
not coincide with the true meridian at the point. In other 
words, the needle of the compass does not point toward the 
geographic poles of the earth. The angle between the mag- 
netic meridian and the true meridian, or, what is the same 
thing, the angle that the compass needle makes with the true 
meridian, is called the magnetic declination or the declination 
of the needle. For some points on the earth, the north end of 
the needle is deflected west of true north, and for other points, 
itis east of true north. In the first case, the declination is said 
to be west, and in the second case, the declination is east, to 
correspond with the direction in which the north end of the 
needle is deflected from the true north. The amount of the 
declination of the needle is different in different localities, and 
also varies noticeably from year to year in the same locality. 
The differences and variationsin the declination are not regular, 
though in a general way they follow a more or less definite 
system. 


COMPASS SURVEYING 


13 


21. Local Attraction.—The compass needle may be 
deflected from the magnetic meridian by the attraction of an 


electric current or any near-by body of 
iron or steel, such as a pile of steel on the 
ground, the rails of a railway, a gas or 
water pipe, the tape or chain, keys or a 
knife on the observer, etc. Such a dis- 
turbing influence is called local attraction, 
although avoidable attractions caused by 
objects not fixed to the place are not usu- 
ally included by this term. 


22. Forward Bearings and Back Bear- 
ings.—In Fig. 10, O and O’ are any two 
points and NS and N’S’ are meridians at 


4 


N 


N 


oO 


S 
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O and O’, respectively. Since NS and N’S’ are parallel, the 
angles NOO’ and S’O’O are equal; thus, if the bearing of 
the line from O to O'is N 50° E, it follows that the bearing of the 
line from O’ toOisS 50° W. The bearing of a line in one direc- 
tion is called the forward bearing ; while the bearing of the same 
line in the opposite direction is its back bearing. The angle is 


N 


the same in the forward bearing and in the 


back bearing, but the quadrant is diagon- 
ally opposite. For example, if the forward 
bearing of alineis S 30° E, its back bearing 


Zo 


is N 30° W. In every case, the back bearing 


is determined from the forward bearing by 
oO simply changing the letter N to S or Sto N, 
and by changing E toW or W to FE. The 
bearing of the line from O to O’ is called 
the bearing of OO’; the bearing from 


: O’ to O is the bearing of O’O. Hence, in 


determining the bearing of a line, the 
s @ order of the letters identifying the line is 


Fic. 11 important. 


23. Angle Between Two Lines Whose Bearings Are 
Known.—If an angle is turned from OP to OQ, Fig. 11, the 
angle is called POQ; if the angle is turned from OQ to OP, it is 
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QOP. Since it is possible to turn an angle either clockwise or 
counter-clockwise, it is important to state in which direction 
the angle is measured. Thus, the angle POQ turned directly 
is called POQ clockwise, or POQ to the right; whereas, the angle 
POO turned through N and S is POQ counter-clockwise, or 
POQ to the left. 

When two lines are in the same quadrant, that is, both 
bearings have the same letters, the angle between the lines is 
equal to the difference between the two bearings. For 
example, if the bearings of two lines are N 66° 30’ E and 
N 39° 15’ E, the angle between the lines is 66° 30’—39° 15’ 
= 27° 15’. 

When the angle is required between two lines which are in 
different quadrants, it is usually advisable to make a rough 
diagram and to calculate the angle by inspection of the figure. 
First, a line is drawn to represent the meridian; then from any 
point on this line, the two given lines are drawn about in the 
directions indicated by the bearings. Thus, in Fig. 11, NS 
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represents the meridian, N being the north point; the bearing 
of OP is N 52° E; and that of OQ isS 19° E. From the figure, 
it is seen that POQ is equal to 180°—52°—19°=109°. In 
Fig. 12, the bearing of OP is N 12° W and the bearing of OQ is 
S 43° E. Then angle POS clockwise is 180°+12°=192° 
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and POQ is 192°—43°=149°. In Fig. 13, the bearing of OP is 
S 73° W and that of OQ is S 62° E; in this case, angle POQ is 
obviously equal to 73°+62° = 135°. 

In determining the angle between two lines from their bear- 
ings, it is important to take the bearing of each line away from 
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the point of intersection of the lines. For example, suppose 
that in Fig. 14, AB and BC are two lines of a survey, the bear- 
ing of AB being N 42° E and the bearing of BC being S 75° E; 
let it be required to find the angle ABC. The desired angle 
is, in this case, the angle between BA and BC, the bearing of 
BA being equal to the back bearing of AB, or S 42° W. If 
the meridian NS is drawn through B, it is seen that the angle 
ABC is 42°+75°=117°. If the bearing of AB had been 
used, as shown by the dotted line BA’, the angle obtained 
would be that between BC and AB produced, or A’ BC, which 
is equal to 180°—42°—75° = 63°. 


24. Bearing of Line From Bearing of Another Line and 
Angle Between Lines.— When the angle between two lines and 
the bearing of one of the lines are known, the bearing of the 
other line may be found. As in the preceding article, it is 
advisable to make a rough diagram of the conditions. Suppose, 
for instance, that the bearing of the line PO, Fig. 15, is N 48° 
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45’ E and it is desired to find the bearing of another line OQ, 
making an angle POQ equal to 160° 30’ clockwise. The 
bearing of OP is equal to the back bearing of PO, or S 48° 45’ 
W. IfNS is the meridian through O, angle NO P is 180° —48° 
45’ = 131° 15’, and NOQ is 160° 30’—131° 15’ =29° 15’. Hence, 
the bearing of OQ is N 29° 15’ E. 

If a given line PO, Fig. 16, has a bearing of N 30° 45’ E, and 
the angle between this line produced and another line OQ is 
70° 15’ to the right, the angle NOQ is NOC+C OQ =30° 45’ 
+70° 15’=101°. Since this is greater than 90°, the line OQ 
is in the southeast quadrant and the angle SOQ is 180°—101° 
=79°. Hence, the bearing of OQ isS 79° E. If the line OP, 


N 


S 
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Fig. 17, has a bearing of S 48° 15’ W and the angle between 
OP and OQ is 88° 30’ to the left, the angle SOQ is 88° 30’ 
—48° 15’=40° 15’ and the bearing of OQ is S 40° 15’ E. 


EXAMPLES FOR PRACTICE 


1. Find the angle between two lines OA and OB, whose bearings are 
N 382° 15’ E and N 42° 30’ W. Ans. 74° 45’ 


2. What is the angle between lines OA and OB, if the bearing of OA 
is N 15° 30’ E and that of OB is S 46° 45’ W? Ans. 148° 45’ 
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3. The bearing of a line AO is N 48° 15’ W and the bearing of OB is 
N 76° 30’ W. Find the angle A O B. Ans. 151° 45’ 


4. The bearing of a line OA is N 47° 30’ W. What is the bearing of a 
line O B if angle A O B is 138° 15’ to the left? Nats ws) Gs 24s" 18) 


5. If the bearing of a line AO is S 20° 30’ W and the angle AOB is 
130° 45’ to the right, what is the bearing of O B? Ans. S 28° 45’ E 


6. The bearing of line AO is S 20° 15’ E. Find the bearing of the line 
OB, which makes an angle with A O produced equal to 60° 45’ to the right. 
Ans. S 40° 30’ W 


FIELD PROBLEMS 


25. Setting Up.—In setting up a compass mounted on a 
Jacob staff, the staff is stuck as nearly as possible in a vertical 
position at the point over which the compass is to be set. 
If a tripod is used, the compass can be placed accurately by 
means of a plumb-bob suspended from a small ring directly 
under the center of the needle circle. However, in compass 
work, it is a waste of time to center the compass exactly over 
the station. With a little practice, it is possible to set up the 
compass almost over the point by judgment. If desired, the 
position of the compass can be determined by dropping a small 
pebble from below the center of the circle and observing how 
close to the marked point the pebble strikes. 

After the compass is properly placed, the plate f, Fig. 5, is 
brought to a horizontal position, as shown by the spirit levels, 
by moving it on the ball-and-socket joint. 


26. Practical Suggestions.—In leveling the compass by 
means of a ball-and-socket joint, do not grasp the sights, but 
take hold of the compass plate near the needle box. 

When the compass is not in use or is being carried, keep 
the needle off the pivot point so that the point will not be 
dulled and the sensitiveness of the needle thus affected. After 
setting up in a new place, bring the needle as near as possible 
in the magnetic meridian before releasing it. Then the needle 
will come to rest more quickly and, also, the vibration being 
thus reduced, the sharpness of the pivot point will be preserved. 
In case the needle swings more than about 10° on each 
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side of the meridian, its progress can be checked by raising it 
olf its pivot when near the center of its swing; when the needle 
is released again, the swing will be reduced. It is advisable 
to allow the needle to swing through about 3° before 
coming to rest, as it will then assume a more nearly correct 
position than if it is released very nearly in the meridian. 
When the compass is put away, or is allowed to remain in one 
position for a long time, permit the needle to assume its position 
in the meridian and then raise it off the pivot; if it is not in the 
meridian, it is liable to lose some of its magnetic strength. 


27. Taking Bearings.—To find the bearing of a line, the 
compass is set up at some point on the line, preferably at one 
extremity. Then, a range pole is held vertically at some other 
point on the line, as far as possible from the compass. With 
his eye behind the south sight, the surveyor revolves the 
compass horizontally on the spindle until the range pole is 
approximately on the line through the sights. He then looks 
through the slits, his eye being at the south slit, and turns 
the plate until the range pole is exactly on the line of sight. The 
line of sight should be directed as nearly as possible to the 
bottom of the range pole in order to diminish the error due to 
any deviation of the pole from the vertical. The plate is 
then clamped in position, and the reading of the graduated 
circle opposite the north end of the needle is observed as 
explained in the following article. This is the bearing of the 
line. 

In finding the bearing of an important line, it is always 
advisable to take a forward bearing and a back bearing. As 
previously stated, the angles should be equal. If the observed 
values agree closely, say within } degree or 1 degree according 
to the purpose of the survey, it is customary to take the average 
as the correct value. If the observed angles differ greatly, 
either the position of the needle was observed incorrectly or 
there was local attraction. The observations should be checked 
carefully; if no error is found, the cause of the difference must 
be local attraction. The method of correcting for local attrac- 
tion will be treated later. 
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28. Reading Needle Circle.—In determining the bearing 
of a line, the plate is revolved until the sights are on the given 
line, with the north sight forward. The needle remains fixed 
in the magnetic meridian and, for magnetic bearings, the zero 
points of the needle circle are in the line of sight. Hence, 
the magnetic bearing of the line of sight is the angle between 
the needle and the line through the zero points of the needle 
circle. Let OP, Fig. 18 (a) or (b), be a line whose magnetic 
bearing is required. The compass is set at O and the sights 
are brought in the line OP. Then the angle between the 
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needle FG (north end at F) and the line of sight, which is 
measured by the arc between the north end of the needle and a 
zero point of the circle, is the required bearing. If the bearing 
of OP is northeast, as in (a), or southeast, as in (b), the north 
end of the needle is to the left of the line of sight when the 
observer faces toward the north point of the needle circle; 
in other words, east bearings are read on the left half of the 
circle, where the letter E is placed. When the bearing of a 
line OP is northwest, as in Fig. 19 (a), or southwest, as in 
Fig. 19 (b), the north end of the needle is to the right of the 
line of sight; the letter W is, therefore, placed on the right 
side of the line through the south and north points of the 
circle. 
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When the letters are marked on the needle circle in this 
way, the quadrant in which a given line lies is indicated by 
the letters between which the north end of the needle rests. 
The angle between the meridian and the line is shown by the 
number of the graduation opposite the north end of the needle. 
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Thus, in Fig. 18 (a), the bearing of the line OP is N 70° E 
because the north end of the needle is opposite the graduation 
marked 70 between the north and east points. In Fig. 18 (6), 
the bearing of OP is S 60° E; the bearing of OP, Fig. 19 (a), 
is N 20° W; and that of OP in Fig. 19 (b) is S 40° W. 

Readings can be readily estimated to the nearest 10 minutes. 
It is a useless refinement to try to make readings closer than 
this with a compass because of the inaccuracy of the instru- 
ment. When the reading is taken, the eye of the observer 
should be exactly in line with the needle so that the point on 
the circle opposite the end of the needle may be determined 
correctly. 


29. East and West.—The fact that the letters E and W 
are reversed on the needle circle of a compass often causes con- 
fusion to the beginner in laying off a line along a given bearing. 
In this latter case, it is incorrect to reverse east and west. A 
line whose bearing is northeast should be laid off to the right 
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of the meridian, as at OP; in Fig. 3, and not to the left; simi- 


larly, a line with a northwest bearing should have the general 
direction O Py. 


30. Correcting for Local Attraction.—Special care must be 
taken to avoid errors that may be caused by local attraction. 
Its presence may be detected best by comparing the forward 
and back bearings of the lines. If the needle readings indicate 
local attraction, the point of set-up at which it exists may be 
determined in the following manner: Suppose that the 
forward bearing from O to P, Fig. 20, is N 85° 45’ E and the 
back bearing from P to O is S 75° 30’ W, local attraction thus 
being indicated. If OP isa line of a survey, and Q is another 
point on the survey, the forward and back bearings of PQ are 
compared. If the bearings of PQ and QP agree, the local 
attraction must be at O; if the difference between the bearings 
of PQ and Q Pis the sameas that between the bearings of OP 
and PO, the local attraction is at P. In rare cases, there is 
local attraction at two of the points O, P, and Q. Then the 
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survey is continued until the forward and back bearings of some 
line agree, and the other bearings are corrected from this line 
as described later in this article. 

When OP is not a line of a survey, it is often possible to 
determine the location of the attraction by setting up at a 
point, such as O’, on OP about midway between O and P; 
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then the bearing of O’O or O’P is taken. If it agrees with 
either the bearing of OP or that of PO, it indicates the correct 
value and shows where the local attraction is. Thus, if the 
bearing of O’O is S 85° 45’ W, the bearing of OP, previously 
determined, is correct and the local attraction is at P. If the 
bearing of O’O is S 75° 30’ W, the bearing of PO is correct and 
the local attraction is at O. When a slight difference is obtained, 
say less than 1°, it is customary to take the average of the two 
values as correct. 

If it is not convenient to take an intermediate point on 
line OP, or if there is reason to suspect that there is local 
attraction all along OP, forward and back bearings to an out- 
side point, as O,, must be taken from both O and P. If it is 
found that there is local attraction at both O and P, the bear- 
ing of OP must be corrected by determining the angle by 
which the needle is deflected by the local attraction. Suppose 
the bearing of O,0 is N 61° 30’ W and that of OO, is, according 
to the reading of the compass, S 57° 30’ E. Let NS represent 
the magnetic meridian through O and N’S’ the position which 
the needle at O assumes. If there is no local attraction at 
Oi, the angle SOO, is 61° 30’, and, therefore, the angle by 
which the needle is deflected is 61° 30’—57° 30’=4°. As 
shown in the figure, the deflection is to the west of north. The 
value of angle NOP is 85° 45’—4°=81° 45’, and the correct 
magnetic bearing of O P is N 81° 45’ E. 

Attraction that is caused by something in the observer's 
clothing, as keys or a pocket-knife, can be detected by standing 
in one position to read the north end of the needle, and then 
going around to the other side of the compass to read the south 
end of the needle. If the two readings do not agree, there is an 
attraction on the observer. 


31. To Run Line Having a Given Bearing.—It is fre- 
quently required to locate a line making a certain angle with 
another line whose bearing is known, or to relocate a line of an 
old survey. In the first case, the bearing of the required line 
can be calculated by the method explained in Art. 243 in 
the second case, the bearing of the line will be given. However, 
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in both problems, a line must be run from a given point in a 
certain direction. 

The bearing of the required line having been determined, 
the compass is set over the known point on the line and the 
plate is rotated on the spindle until the north end of the needle 
indicates that bear- 
ing. The line of sight 
through the slits then 
has the desired direc- aL 
tion, and, with his San 
eye behind the south 
slit, the surveyorlines 9 
in a stake or pole 
through the north 
slit. This stake or 
pole is on the required 
line. (a) 

Suppose, for ex- §& 
ample, that it is 
required to run a line OP, Fig. 21 (a), whose bearing is to be 
N 60° E. The compass is set at O and the plate is rotated 
until the north end of the needle is opposite the graduation 
numbered 60 between the north and east points on the needle 
circle. A pole is then placed at P in line with the sights. 

As acheck, the compass should be set over the new point and 
a back bearing taken. If the needle readings indicate local 
attraction, and it is found to be at the original point of set-up, 
the line must be relocated as follows: Suppose that a back 
bearing from P to O, Fig. 21 (a), shows that there is local 
attraction. Suppose further that the attraction is found to be 
at O, and it deflects the needle 3° 15’ to the east. Let NS, 
Fig. 21 (b), be the magnetic meridian at O, and N’S’ the position 
taken by theneedle. Then, in order that the correct bearing 
of OP should be N 60°-E, the line OP should be run on a 
bearing of N 56° 45’ E, as indicated by the needle. If it is 
desired to lay off a given distance along the line, the stakes 
or pins at the end of each tape length can be lined in from 
the compass. 
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32. Passing Obstacles.—It is often required to determine 
the bearing of a line between two points, neither of which is 
visible from the other. Such a case is illustrated in Fig. 22, 
where the line of sight from A to B is obstructed by a building. 
With the compass set at A, 
locate point C at any con- 
venient distance and in any 
direction from A; record 
the length and bearing of 
AC. Then set up the com- 
pass at B and run BD with the same bearing and length as 
AC. Peint C should be so selected that C and D will be 
visible from each other. Set the compass at C and determine 
the bearing of CD, which is equal to the bearing of AB. It 
is also permissible to set up at D and take the bearing of DC, 
which is equal to the back bearing of AB. 

To find the bearing of a fence ora wall, the compass is set up 
close to the wall, and a sight is taken on a pole held the same 
distance from the wall; then, the line of sight is parallel to the 
wall and has the same bearing. 


33. In running a line in a given direction, obstacles are 
frequently encountered, as in Fig. 23, where K and L are 
buildings on the line AB. With the compass at A and the 
line of sight in the proper direction, the point P is set as near 
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to K as possible. Then the compass is moved to P and the 
line PQ is run in any convenient direction; point Q is 
marked on the ground and is so selected that QQ’ can be easily 
run parallel to AB. The length and bearing of PQ are 
recorded. The compass is set at Q, the back bearing of QP is 
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taken as a check, and the line QQ’ is run with a bearing equal to 
that of AB; the length of QQ’ should be such that Q’P’ can be 
run parallel to PQ. If the length of AB is desired, the dis- 
tance QQ’ is measured; otherwise it is not necessary. Then, 
the compass is set up at Q’, a back bearing is taken on Q for 
a check, and the point P’ is so located that the bearing of 
Q'P’ is equal to the back bearing of PQ and its length is equal 
to that of PQ. The point P’ is on line between A and B, and 
the distance PP’ is equal toQQ’. If the compass is set up at 
P’, the line AB can be continued in the proper direction by 
setting the sights so that the needle indicates the given bearing 
OImA ES. 


34. The following method of passing the obstacle L, 
Fig. 23, is often more convenient than that just described. 
The line AB having been run to C, near L, the line CD, mak- 
ing an angle of 60° with AB, is laid off; the bearing of CD 
can be calculated by the method explained in Art. 24. The 
distance CD is so taken that a line from D, making an angle 
of 60° with CD, will clear the obstacle; the proper position of 
D can be _ judged. 
Thetiictatn ce ‘Cw 
having been meas- 
ured, the compass is 
set up at D, and the 
point EF is so located 
that: /the) line? DE 
makes an angle of 60° 
with CD and the dis- 
tance DE isequal to CD. The point EF, thus determined, is 
on AB, and the distance CFE is equal toC D. All bearings 
should be tested by back bearings. 


35. In Fig. 24, the line AB crosses a river; hence, its 
length cannot be measured directly nor be ascertained by either 
of the methods just explained. In this case, the bearing of 
AB is determined and the distance from A to a point P near 
the bank is measured. Next, any other convenient point Q is 
selected, and the length and bearing of PQ are recorded; 
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theoretically PQ may be of any length, but the results will be 
more accurate if PQ is not less than about one-quarter of PB. 
Then the compass is 
set at Q, the bearing 
of PQ is checked by a 
back bearing, and the 
oy, bearing of QB is ob- 
ae , served. From the 
a ‘S18 bearings of A B, PQ, 
A hasan s and QB, the angles 
at P,Q,and B can be 
calculated, as already 
explained; as a check, 
their sum should 
equal 180°. Then in 
the triangle PQB, 
the side PQ is known, 
and the side PB can 
be calculated by the 
relation 
yee) 
sin B 


N 


EX AMPLE.—Suppose 
that the length of PQ, 
Fig. 24, is 100 feet, the 
bearing of AB is N 45° 
Fro. 25 15 Rathat off? 'O is-S42 

20’ E, and that of OB 
is N 26° 20’, E. Find the distance from P to B. 


SoLuTION.—For convenience in determining the angles between the lines, 
Fig. 25 is drawn, in which N Srepresents the meridian. The angle B PQ 
is 180°—4° 20’—45° 15’ =130° 25’; angle PQ B is 4° 20’+26° 20’ =30° 40’; 
and angle P BQ is 45° 15’ —26° 20’=18° 55’. Asa check, 130° 25’+-30° 40’ 


100 sin 30° 40’ 
418° 55's 180°) Then PB=—————> = 7.8 ft, Ans: 
sin 18° 55’ 


EXAMPLES FOR PRACTICE 


1. If, in Fig. 24, the bearing of AB is S 63°15’ E, that of PQ isS 43° 
50’ W, that of Q B is N 84° 20’ E, and distance P Q is 150 feet, what is the 
length of P B? ANS ei Sliielt. 
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2. If, in Fig. 24, the bearing of AB is N 45° 15’ W, that of PQ is N 50° 
30’ E, that of Q B is N 87° 25’ W, and distance P Q is 200 feet, what is the 
length of P B? Ans. 199.7 ft. 


3. The bearing of a line from A to B was measured as S 16° 30’ W. 

It was found that there was local attraction at both A and B, and, therefore, 

a forward and a back bearing were taken between A and a point C at 

which there was no local attraction. If the bearing of AC was S 30° 10’ E 
and that of CA was N 28° 20’ W, what is the correct bearing of AB? 

Ans. S 18° 20’ W 


Note.—In this and similar problems, a sketch is helpful. 


MAKING A COMPASS SURVEY 


36. Advantage of Compass.—The compass is of great 
value in a survey where speed and economy are more impor- 
tant than accuracy and where small obstructions such as 
trees and rocks are frequently encountered along the line. 
At each obstruction, the compass can be moved to the opposite 
side and the line continued on the same bearing. Should 
the instrument as thus located be a foot or two off the correct 
line, no serious error will result since the new line is run parallel 
to the true position. It is assumed, of course, that local 
attraction is absent. 


37. Sources of Error.—The chief causes of errors in 
obtaining the bearings of lines with a compass are local 
attraction, mistakes in reading the bearing, inaccuracy of the 
compass, poor adjustment, and variation in declination. 

The method of detecting and correcting for local attraction 
has been explained ina previous article. The adjustment of the 
instrument has also been described. Errors of observation 
due to poor sighting or incorrect reading of the needle can 
be eliminated only by exercising great care and by taking a 
forward and back bearing for each line. The compass is 
inaccurate because it is difficult to read the needle closely, and 
because different compass needles will not take exactly the 
same position under similar conditions and, therefore, will 
not indicate the same bearing for a given line. Variation in 
declination will be treated later. 


38. Survey Corps.—The corps for making a compass survey 
should consist of at least three men, the compassman, and two 
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assistants who act sometimes as flagmen, and sometimes as 
chainmen. The number of men in the party and the duties 
of each depend on the purpose of the survey and the character 
of the country. If the country is thickly wooded, one or 
more axmen will be 
required to clear a 
narrow path in order 
to afford a fairly long 
sight for the compass- 
man and to permit 
straight horizontal 
chaining. If the sur- 
vey requires stakes 
at more or less regular intervals between the points at which 
the compass is set up, a stakeman is needed to cut, carry, and 
drive them. Stakes can be made of any well-seasoned wood, but 
in timbered country, it is often better to make the stakes from 
saplings as they are needed; the lower end is pointed to permit 
driving and the upper end is blazed for marking the station 
number. 


39. Surveying Established Lines.—If it is desired to 
survey a series of lines between previously established points, 
such as the boundaries of the field in Fig. 26, the corners are 
first found and marked. The measurements sometimes con- 
sist only of the lengths and bearings of the boundary lines, 
but, often, it is also necessary to locate important objects. 

A survey line, the length and bearing of which are deter- 
mined, is commonly called a course. A system of connected 
courses is often called a traverse. If the end of the last course 
is also the beginning of the first course, the system is known 
as a closed traverse. Thus, the traverse shown in Fig. 26 
from A to B to C to D to E and back to A is a closed traverse. 

In the survey of a traverse, the compass is set up at each 
corner and the forward and back bearings of each course are 
taken. While the compass is directed along a side, that side 
is measured, in order that the compassman can line in the head 
chainman by looking through the slits. A point of set-up 
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may be either a solidly set stake, a mark in the root of a tree, 
an X cut in a rock, or any other suitable point. Marks on 
permanent objects should be fully described so that they can 
be found and identified at any time. If stakes are placed, 
they should be referenced by bearings and distances to 
prominent immovable objects near-by, so that they can be 
easily relocated in case they are destroyed. 

To survey the boundary lines of the field shown in Fig. 26, 
the compass is set up at any corner, say A, and the bearing of 
A B is observed. While the sight is directed along A B, its 
length is also measured. It is customary to take the back 
bearing of EA, which is the bearing of AF, at this time in 
order that it will not be necessary to set up again at A at the 
end of the survey. The compass is next set at B; the bearing 
of BA, which is the back bearing of AB, is observed; and the 
bearing and the length of BC are determined. Then the com- 
pass is set at C, from which point the bearings of CB and C D 
and the length of CD are found. The operations are repeated 
at each corner if possible. 

In case one corner is not visible from an adjacent corner, 
and it is not desirable to cut through the obstruction, the 
method of passing an obstacle, described in Art. 32, can be 
employed. Thus, suppose that the line of sight from D to E£, 
Fig. 26, is obstructed by many large trees; then, the length and 
the bearing of P E’, which are equal to those of DE, are deter- 
mined instead. In this case, the point P is taken on the line 
DC for convenience, EX is run on the same bearing as DC, 
and EE’ is made equal to DP. 
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40. Random Traverse.—It is often required to determine 
the length and the bearing of a line between two points that 
are a very great distance apart in wooded and rough country. 
The best method is to run a random traverse between the two 
points. For example, suppose that it is desired to find the 
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length and the bearing of the line between A and B in Fig. 27. 
The compass is set up over one end of the line, say A, and line 
AC isrun on a convenient bearing, as near as possible to that 
estimated for the line AB; the length and the bearing of AC 
are recorded. Then the compass is moved to C, a back bearing 
is taken on A, and the forward bearing and the distance to a 
point D aremeasured and recorded. Similarly, lines DE, EF, 
and FB are run and their lengths and bearings determined. 
The method of computing the length and the bearing of AB 
will be explained in another Section. 


41. Locating Objects.—Important objects near the line of 
survey can be located in various ways, depending on circum- 
stances. As explained in Chain Surveying, points can be 
located by distances along the line and perpendicular offsets; 
thus, the corners K and L of the house H in Fig. 26 can be 
located by distances BF and FK, and BG and GL, respec- 
tively. Another method of locating a point is by taking the 
length and the bearing of the line from any point on the survey; 
in Fig. 26, the point L can be located from M by the length 
and the bearing of ML. Still another method, which is very 
convenient for locating inaccessible points, is to take the 
bearings of the lines to the point in question from any two 
points on the survey. In Fig. 26, the rock R is located by the 
bearings of UR and 7R; if lines are drawn from U and T in 
the directions indicated by the bearings of UR and TR, R is 
at their intersection. Bearings to objects should be taken 
from corners of the field if possible in order to obviate an extra 
set-up. 


FIELD NOTES FOR COMPASS SURVEY 


42. General Requirements.—There are many methods of 
keeping the notes of a compass survey, each surveyor adopting 
such variations as seem best suited to his particular case. 
Only one method will be described here as an outline or a 
guide to illustrate the fundamental principles. The notes 
should be concise but in sufficient detail to be understood by 
any one familiar with the principles of surveying. All details 
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intended to be shown on the map should be noted, and nothing 
should be left to be supplied from the memory of the surveyor. 
The notebook commonly used, which is known as a transit 
book, has been described in Chain Surveying. 

The notes should state whether the bearings are magnetic 
or true. If magnetic bearings are taken, the declination of 
the needle should be recorded, so that the true bearings can 
be calculated for future reference. All points of set-up should 
be fully described. Whenever possible the notes should be 
illustrated by a sketch. In some cases, all necessary informa- 
tion can be marked directly on the sketch. 

The date of the survey and the names of the members of the 
party should always be given, because, in case of a lawsuit, 
all data regarding the survey may be required. As explained 
in Chain Surveying, the notes usually read upwards from the 
bottom of the page. 


43. Typical Compass Notes.—In the form of notes shown 
in Fig. 28, the first column, headed Course or Line, gives the 
stations between which the courses are run; thus, BC means 
the line between B and C, with the set-up at B. Inthe second 
and third columns are the forward and back bearings; for the 
course marked BC, the forward bearing is from B to C, and 
the back bearing is from C to B when the compass is set up at C. 
Since the compass was not set up at points / and 2, no back 
bearings are recorded for Ai and B2. The lengths of the 
courses are in the fourth column. The remainder of the 
left-hand page can be used for remarks, but generally these 
are made with the sketch on the right-hand page. 

When the notes are examined, it will be noticed that the 
forward and back bearings of all the courses except DE and 
EF agree. This indicates that there was local attraction at 
D, E, or F. However, since the forward and back bearings 
of CD agree, there can be no local attraction at D. Simi- 
larly, the forward and back bearings of FA show that there is 
no local attraction at F. Then the correct bearings of D E and 
E F are, respectively, S 12° 10’ W and S 74° 40’ W. The con- 
ditions are shown in Fig. 29; N S represents the magnetic merid- 
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ian at EF and N’S’.is the actual position of the needle. Each 
of the angles N’E N and S’E S is equal to 1° 20’. The corrected 
bearings are written above the observed bearings as shown in 
the notes; the incorrect observed bearing should not be erased. 
Sometimes, one of the vacant columns is used for the corrected 
magnetic bearings, and the other column is used for the true 
bearings, which may be calculated from the magnetic bearings 
by correcting for the declination by the method which will be 
explained later. For the courses forming the boundaries of 
the field, the bearings are read as 
accurately as possible, usually to 
the nearest 10 minutes or quarter- 
degree, but for the lines locating 
points 1, 2, etc., the bearings are 
taken only to the nearest degree. 

The meaning of the figures in 
the column of distances is obvious. 
The length of course AB is 300.0 
feet and that of EF is 374.9 feet. 
The lengths of the boundaries of 
the field are given to the nearest 
tenth of a foot; but for the dis- 
tances to other points, as 1, 2, etc., 
the nearest foot is accurate enough. 

Asin the notes for a chain sur- 
vey, the survey line is usually 
represented by the red line at the 
center of the right-hand page, ora line parallel to it, and the 
notes are supplemented by a sketch. It is sometimes helpful 
to make a rough diagram of the boundaries of the field, as the 
polygon ABCDEF in Fig. 28, to show the relation of the 
various lines. Such a diagram is especially valuable when 
the main survey lines form a complicated system. 


N 
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44. Sketching Method.—In some cases, the sketch is made 
so complete that additional notes are not necessary. Thus, 
the sketch for the notes just given may be made as shown in 
Fig. 30. The title of the survey, the date, and the names of 
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the members of the party should be given as in the written 
notes. The sketch is not necessarily drawn to scale, but is 
intended to give only an idea of the shape of the farm and the 
location of the house and creek. Ona map the declination is 
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usually shown by drawing two lines to represent the true and 
magnetic meridians and marking the angle between them, as 
shown in Fig. 30. Usually, the true meridian has a full 
atrowhead at the north end, and the magnetic meridian is 
indicated by half of an arrowhead at its north end. 
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In writing bearings along lines, it is customary to consider 
the direction of the line as that in which the bearing is read. 
For instance, in Fig. 30, the bearing is read from A toward F 
and is, therefore, written S 4° 30’ E, although it is observed from 
F to Aas N 4° 30’ W. If it is desired to write all bearings as 
they are first observed, that is, as they would be given as 
forward bearings in written notes, a small arrow is used to 
indicate reversals. Thus, the bearing of the creek at the upper 
end is read in a southeasterly direction; since it is written 
N 30° W, the direction corresponding to the written bearing 
is indicated by the small arrow. When the back bearing does 
not agree with the forward bearing, both values are written 
on the line, as shown forcourses DE and EF. ‘Then the incor- 
rect value is crossed out, but not erased. 

Keeping the notes by a sketch alone is often impracticable, 
because it is necessary to get much information in the small 
space on an ordinary notebook page; therefore, it is often 
impossible to make the figures legible and to show clearly to 
what the dimensions refer. The combination of written notes 
and sketches is usually best. 


DECLINATION 


45. Determination of Declination.—In nearly all large 
cities and in many county seats, the direction of the true 
meridian has been established by astronomical methods and 
marked by permanent monuments. The angle between this 
line and the compass needle gives the declination on the date 
of observation. For ordinary purposes, the declination at any 
point in the United States can be found from charts which are 
published at intervals by the United States Coast and Geodetic 
Survey, and which can be secured from the U. 5. Coast and 
Geodetic Survey, Washington, D. C. 

On these charts are lines, called zsogonic lines, which connect 
all points of equal declination; these lines are drawn for each 
degree of declination. The line of zero declination is called 
theagonic line. The locations of isogonic lines vary continually, 
but the charts give the amount of this variation in a year so 
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that the approximate declination can be found for any time 
within several years after the date on the chart. The declina- 
tions at points between isogonic lines can be found by inter- 
polation, it being assumed that the declination varies 
uniformly from line to line. 


46. Variation in Declination.—As previously explained, 
the magnetic meridian at any locality is constantly changing, 
the total rate of change at any time being due to several 
independent variations. 

First, there is a slow change in the direction of the magnetic 
meridian, which returns to its original position after several 
hundred years. This shifting is called the secular variation, and, 
as it is practically periodic, its amount can be determined 
closely for any date and locality. Values are given on the 
charts of the United States Coast and Geodetic Survey, which 
have been previously mentioned. 

In addition, there is a change during the day, called the 
diurnal variation. The needle swings back and forth once 
daily through an arc whose value depends on the locality and 
on the time of year; in the United States, the total swing 
varies from about 3 minutes in winter to 12 minutes in summer. 
The needle reaches the center of its swing at about 11 a.m. 
and 6 P.M. 

Other variations which cannot be predicted are caused by 
magnetic disturbances in the air. Such disturbances are 
called magnetic storms, and sometimes cause deflections of more 
than 3 degree. Their presence is indicated by rapid fluctuations 
of the needle, and observations should not be taken at such a 
time. 


47. Relation Between True and Magnetic Bearings. 
From the definition of declination, it is evident that the dif- 
ference between the true and magnetic bearings of a line is 
equal to the declination of the needle for the locality. Hence, 
if the declination of the needle is known, the true bearing of a 
line can be found from its magnetic bearing, and vice versa. 
Thus, suppose the declination is 2° 18’ east, and the magnetic 
bearing of a line OX is N 43° E; let it be required to find 
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the true bearing of the line OX. If NS, Fig. 31, is the true 
meridian and N’S’ is the magnetic meridian, angle NON’ 
is 2° 18’ to the right. Since angle N’OX is 43°, angle NOX 
is 43°-++-2° 18’=45° 18’, and the true bearing of OX is N 45° 
18’ E. Suppose it is desired to find the true bearing of a line 
OA, whose magnetic bearing is S 89° 15’ W, when the declina- 
tion is 2° 18’ east. In Fig. 31, angle S’OA is 89° 15’ and angle 
SOA is 89° 15’+2° 18’=91° 33’. Since this is greater than 
90°, the line OA lies in the northwest quadrant with respect to 
the true meridian, and the angle NOA is 180°—SO A =180° 
—91° 33’ =88° 27’. Hence, the true bearing of OA is N 88° 27’ 


W. It is important to remember that the line is represented 
but once whereas there are two meridians. 


48. Often the true bearings of lines are given on maps; but 
to relocate one of these lines with a compass, it is required 
to find its magnetic bearing. For example, suppose that it is 
desired to obtain the magnetic bearing of a line OA, Fig. 32, 
whose true bearing is S 16° 40’ E, when the declination is 3° 15’ 
west. Here, NS is the true meridian and N’S’ is the magnetic 
meridian. Then angle SOA is 16° 40’, and S’OA is 16° 40’ 
—3° 15’=13° 25’. The magnetic bearing of OA is, therefore, 
S 13° 25’ E. Similarly, if the true bearing of O B is N 88° 15’ E, 
angle N’OB is 88° 15’+3° 15’=91° 30’. Since this is greater 
than 90°, the line O B is in the southeast quadrant with respect 
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to the magnetic meridian. Thus, angle S’OB is 180° —91° 30’ 
= 88° 30’, and the magnetic bearing of OB is S 88° 30’ E. 


49. Declination Arc.—In the foregoing explanations, it 
was assumed that the line through the zero marks of the 
needle circle coincided with the line through the sights. For 
this position of the zero points, the needle readings give 
magnetic bearings. True bearings may be shown by the 
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needle, however, if the line through the zero points is rotated 
out of the line of sight by an amount equal to the declination. 
For the purpose of rotating the needle circle with respect to the 
line through the sights, the screw w, Fig. 5, is provided. The 
amount of rotation is measured on a graduated scale x with 
the aid of a vernier y. 

A vernier is an auxiliary scale by means of which a main 
scale can be read more accurately. The zero of the vernier y 
is in line with the north and south points of the needle circle, 
and the vernier rotates with the needle circle. The zero of the 
scale x is on the line between the slits in the sights, that is, 
it is on the line of sight. and remains fixed as the vernier 
rotates. 

If the magnetic bearing of a line is wanted, the zero of the 
vernier y, Fig. 5, should coincide with the zero of the scale x. 
If the true bearing of a line is required, it can be read directly 
on the needle circle by setting the zero of the vernier at a point 
on the scale corresponding to the declination of the needle. 
Therefore, the combination of the graduated scale x and the 
vernier y is called the declination arc or declination vernier. 

Both the scale and the vernier are graduated on each side of 
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zero, as Shown in Fig. 33, where A B is the vernier and C D is the 
scale. If the line of sight is in the true meridian and the 
declination are reads zero, the north point of the needle is east 
of the zero of the needle circle for east declination and west of 
zero for west declination. If the position of the needle is to 
indicate true bearings, the needle circle must be rotated to 
read zero when the line of sight is in the true meridian. To 
obtain this condition, the needle circle and the vernier, which 
moves with it, must be rotated in a clockwise direction when the 
declination is east and in a counter-clockwise direction when the 
declination is west. Thus, if the declination is east, the zero 
of the vernier in Fig. 33 is moved toward C, or clockwise; and 
if the declination is west, the vernier is moved toward D. 
In setting the declination, that side of the vernier is used on 


@ 
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which the numbers increase in the direction in which the 
vernier moves. When the vernier is moved toward C in 
Fig. 33, the part of the vernier between 0 and A is used; if the 
vernier moves toward D, the part between 0 and B is used. _ 


50. The principle on which the construction of a vernier 
is based is fully explained in another Section. For the purpose 
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of reading and setting the declination arc, the following outline 
is sufficient. In Fig. 33, each division on the scale CD repre- 
sents half of a degree, or 30 minutes. Therefore, for any 
position of the vernier, the reading to the next smaller half- 
degree is given by the number of the scale graduation just 
preceding the zero of the vernier, that is, between the zero of 
the scale and the zero of the vernier. To this value is added 
a number of minutes equal to the number of the vernier 
graduation mark that coincides with a graduation of the scale 
(it is not necessary to observe which scale graduation). 

Suppose, for example, that the zero of the vernier is set as 
shown in Fig. 34 (a). The scale graduation nearest the zero 
of the vernier and between the zero of the vernier and the zero 
of the scale is 2°; the seventeenth graduation of the right part 
of the vernier coincides with a scale graduation. Hence, the 
reading is 2°17’. In Fig. 34 (b), the scale graduation preced- 
ing the zero of the vernier represents 2° 30’, and the eleventh 
vernier mark coincides with a scale graduation. The reading, 
therefore, is 2° 30’+11’=2° 41’. 

To set the vernier at 3° 13’, put the zeroof the vernier between 
the scale graduations representing 3° and 3° 30’, and then 
bring the thirteenth division of the proper half of the vernier 
opposite some graduation on the scale. To set the vernier at 
4° 38’, place the zero of the vernier between the graduations of 
4° 30’ and 5°, and bring the eighth mark of the vernier to 
coincide with some graduation on the scale. 


51. Rerunning Old Surveys.—It is sometimes necessary 
for a surveyor to retrace the boundaries of a tract of land from 
bearings and distances given in original land warrants or very 
old deeds or maps. .If the true bearings are given, or if the 
declination of the needle at the time of the original survey is 
known, the present magnetic bearings can be readily determined. 
If the old magnetic bearings are given but the declination is not 
known, it is sometimes possible to locate one or more of the 
original lines by means of legally recognized corners, and to 
measure the true bearings. By comparing the true bearings 
with the old bearings, the declination can be determined, and 
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the true bearings of the other lines can be readily found from 
the given original magnetic bearings. The old lines can then 
be rerun from their true bearings or from their present magnetic 
bearings. Sometimes, however, there are inaccuracies in the 
old surveys. In such cases, the old corners or boundaries 
cannot be altered or moved. Adjustments can be made only 
by mutual agreement between the interested parties, or by a 
court decision. 


EXAMPLES FOR PRACTICE 


1. The declination is 2° 10’ west. Find the true bearings of the lines 
whose magnetic bearings are (a) N 48° 50’ E; (b) S 1° W. 
Ree es N 46° 40’ E 
Aa) Sie Ye, 
2. The declination is 4° 15’ east. Find the true bearings of the lines 
whose magnetic bearings are (a) N 87° 10’ E; (b) S3° E. 
ne A S 88° 35’ E 
WL @ony Sy a aay Wy 
3. The declination is 1° 5’ east. Find the magnetic bearings of the 
lines whose true bearings are (a) S 88° 55’ E; (b) S 47° 10’ W. 
ree 1 Due east 
“| (0) S 46° 5’ W 
4, The declination is 3° 25’ west. Find the magnetic bearings of the 
lines whose true bearings are (a) S 88° 55’ W; (b) S 1° E. 
‘Ais feu 87° 40’ W 
“1 (0) S 2° 257 W 
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TRANSIT SURVEYING 


THE TRANSIT 
PRELIMINARIES 


DESCRIPTION OF INSTRUMENT 


1. Introduction.—The engineer’s, or surveyor’s, transit 
is used almost exclusively to measure horizontal and vertical 
angles in surveying because it combines the features of con- 
venience and a high degree of accuracy. By means of a tele- 
scope, the line of sight is well defined and long sights may be 
taken. Moreover, by the aid of verniers, readings on the gradu- 
ated scales can be made very accurately. Although the transit 
is primarily intended for measuring angles without reference 
to the magnetic needle, most transits have a magnetic needle 
and a graduated needle circle, and may, therefore, be used as a 
compass. 

While there are many kinds of engineer’s transits, all are 
constructed on the same principles, differing only in minor 
details. Two forms of transits are shown in Figs. 1 and 2. 


2. Telescope.—The telescope a, Fig. 1, is similar to that on 
an engineer’s level but is shorter in length; its parts are the 
objective b, the focusing wheel c, the cross-wires at d, the eye- 
piece e,andthesunshadef. The telescope is fixed to the axis g, 
called the transverse axis, which rests on the standards h and 
revolves in bearings at the top of the standards. Animportant 
feature of the transit shown in Fig. 2 is the rigid construction 
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of the standards, which are cast in one piece. The telescope 
is held at any desired inclination by means of the clamp screw 1, 
Fig. 1, and can be rotated slowly in a vertical plane by means of 
a tangent screw 7 attached to one standard. The clamp 7 
passes through a collar k in which the axis g revolves when the 


y 


| 


screw 7 is loose; anda projection /, attached to the collar through 
an arm, fits between the point of the screw 7 and the opposing 
spring m. When the clamp 7 is tightened, the axis g is held 
firmly in the collar k and is prevented from moving. If the 
screw j is then turned so that its point pushes against the pro- 
jection /, the axis g is caused to rotate in one direction, the 
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spring m being compressed. When the screw 7 is turned back, 
the spring forces the projection / against the point of the screw 
and produces rotation of the axis g in the opposite direction. 


3. Plates and Centers.—In order that horizontal angles 
may be measured, all transits have two concentric plates, which 
rotate independently on the same axis, called the axis of the 
instrument. On the lower of these plates m, Fig. 1, is a 
graduated scale, called the horizontal limb or the horizontal 
circle, a small part of which is shown at 0; and on the upper 
plate p are two verniers, one of whichisshownatg. The upper 
plate also carries the standards, which are fixed to it. 

The upper plate is held in position with respect to the lower 
plate by tightening the clamp screw 7, called the upper clamp; 
this operation is known as clamping the upper plate. After the 
upper plate has been clamped, it can be revolved slowly through 
a small angle by means of the upper tangent screw s, which 
operates against the spring t. The lower plate may be secured 
or clamped against rotation by tightening the lower clamp u; 
this is called clamping the lower plate. When the lower plate 
is clamped, slow motion may be obtained by using the lower 
tangent screw v, which works against a spring. Before either 
tangent screw is used, the corresponding clamp must be tight- 
ened. 

The construction of the lower part of a transit is shown in 
Fig. 3, which represents a cross-section through the axis of the 
instrument. The conical spindle »’, which is connected to 
the upper plate p, Figs. 1 and 3, revolves within a socket 
attached to the lower plate 1; the spindle and the socket are 
held by the nut o’, Fig. 3, which screws on the bottom of the 
spindle. The upper clamp 7, Figs. 1 and 3, passes through the 
projection w on the upper plate, which fits between the point of 
the screw s and the spring ¢. When the screw r is tightened, 
the collar p’, Fig. 3, is pressed against the lower plate and the 
upper plate is thus secured against rotation on the lower. Slow 
motion is then obtained by means of the tangent screw s. 

The socket on the lower plate fits inside of another socket 
in the leveling head x, Figs. 1 and 3. This combination of the 
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spindle and sockets is called the centers. The leveling head is 
connected to the tripod plate y by a flexible joint as shown at z, 
and the inclination of the leveling head and its socket is con- 
trolled by the leveling screws a’, which bear on the plate y. 

The lower clamp and tangent screw pass through the collar b’, 
and the projection c’ from the leveling head fits between the 
point of the screw v and the opposing spring. When the 
clamp u is tightened, the lower plate cannot turn. By means 
of the tangent screw v, however, slow motion can be produced. 
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The spirit levels d’ and d”, Fig. 1, called plate levels, are placed 
at right angles to each other. When each bubble is in the 
center of its tube at the same time, the plates are horizontal. 
In Fig. 2, one of the levels is on the standard, but often both are 
attached to the upper plate, as in Fig. 1. 


4. Scales.—Horizontal angles are measured by means of 
the horizontal limb o, Figs. 1 and 3, marked on the edge of the 
lower plate, and the verniers g, attached to the upper plate. 
The upper plate entirely conceals the lower plate except at two 
small glass-covered openings for the verniers, which are dia- 
metrically opposite. The surface of the reflector e’, Fig. 1, is 
specially prepared to reflect light to the vernier and the circle. 
On the transit shown in Fig. 2, the reflector is hinged so that 


6 TRANSIT SURVEYING 


it can be dropped over the glass when the instrument is not in 
use, or can be set to any desired inclination. 

On the upper plate there is also a magnetic needle f’, Figs. 
1 and 3, and a needle circle g’ for use when magnetic bearings 
are taken. The circle is graduated in the same way as that 
on acompass, and the north and south points are directly under 
the line of sight. The screw h’, Fig. 1, is for lifting the needle 
off its pivot. 


5. The angle at which the telescope is inclined to the 
horizontal for any position is measured by means of the gradu- 
ated scale 7’, Fig. 1, called the vertical limb, and the vernier 7’. 
Some transits have an arc, called a vertical arc, instead of a 
full vertical circle as in Fig. 1, while others do not have any 
vertical limb and do not measure vertical angles. The vertical 
limb is attached to the transverse axis and revolves with it; 
the vernier 7’ is screwed to one of the standards. In Fig. 2, the 
graduated edge of the vertical limb is protected by a guard 
around it. 

A spirit level k’, Fig. 1, called a telescope level, is attached to 
the telescope longitudinally whenever there is an arrangement 
for measuring vertical angles; the telescope level permits the 
transit to be used also as a leveling instrument. The level 
tube, which has a graduated scale similar to that on an engineers’ 
level, can be adjusted vertically with respect to the telescope 
by means of capstan-pattern nuts l’ at each end; no lateral 
adjustment is necessary. The rubber stop m’ prevents the 
telescope from striking the plate level. 

A transit without a vertical limb or a telescope level is called 
a plain transit. 


6. Graduations.—The horizontal limb is graduated in 
various ways, with respect both to the size of the smallest 
divisions and to the method of numbering. The degrees are 
marked on all instruments but the number of parts into which 
each degree is divided and the number of vernier divisions 
vary. The most common method is to graduate the limb in 
half degrees and to divide the vernier into 30 parts covering 
29 of these half-degree divisions; then, readings can be taken 
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accurately to the nearest minute. On some instruments, the 
limb is graduated in 20-minute spaces and the vernier is 
divided into 40 parts; in this case, angles can be measured to 
30 seconds. For very precise work, there are instruments whose 
limbs and verniers are graduated to read to 20 seconds, 10 
seconds, and even 5 seconds. 

Each subdivision of a degree is marked by a line somewhat 
shorter than the regular degree-graduations, while each fifth 
degree is indicated 
by a longer division 
line and each tenth 
degree is marked by 
a still longer line and 
also is numbered. 
Three systems of 
numbering are in 
common use, each 
having its advantage 
for certain kinds of 
work. These systems 
may be described as 
follows: 

1. The azumuth 
system, in which the 
graduation marksare 
numbered from 0 continuously around the entire circle to 360. 

2. The transit system, in which the figures extend from 0 
in opposite directions through the adjacent semicircles to 180 
at the point diametrically opposite the zero point. 

3. The compass system, in which the figures extend each 
way from two 0 points diametrically opposite each other 
through the adjacent quadrants to the 90° points. 

Usually the horizontal limb of a transit has two sets of 
figures, either of which may be used independently of the other. 
Ordinarily, the numbers of one set increase from 0 to 360 in a 
clockwise direction and often the numbers of the other set 
run from 0 to 360 in the opposite direction, as shown in Fig. 4. 
However, the other systems are also used, as in Figs. 5 and 6. 
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On most transits, the direction in which the numbers increase 
is indicated by the inclination of the figures, as shown in Figs. 
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4, 5, and 6. 

The vertical limb is 
usually graduated to 
degrees and half de- 
grees and, by means 
of the vernier, read- 
ings can be taken to 
the nearest minute. 
The vertical circle is 
always numbered in 
quadrants with the 
zero mark opposite 
the zero of the vernier 
when the telescope is 
horizontal. There is 
only a single row of 
numbers. 


7. Shifting Head.—The position of the instrument over a 


point on the ground 
is indicated by a 
plumb-bob suspend- 
ed from the lower 
end of the centers at 
the central point q’, 
Fig, <3.) .When--the 
leveling screws a’ are 
tight, the plate r’ is 
held firmly against 
the plate y; but when 
the leveling screws 
are loose, the rest of 
the instrument drops 
with respect to the 
plate y and can be 
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shifted on it. This arrangement, which is called a shifting head, is 
a great advantage in setting up the transit exactly over a point, 
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READING OF VERNIER 


8. Measurement of Angles.—In order to measure the 
angle ABC, Fig. 7 (a), the transit is set at B, the telescope is 
directed to A, the upper clamp is loosened, and finally the tele- 
scope is directed to C. While the line of sight rotates from the 
direction BA to the direction BC, the horizontal limb of the 
transit remains stationary and the verniers move along the 
limb. The amount of the 
movement in degrees of arc 
is, therefore, the size of the 
angle. In order to deter- 
mine this amount, the loca- 
tion of the zero point of (a) 
the vernier on the horizon- 
tal limb is observed for B 
each position of the tele- 
scope. 

In Fig. 7 (b), let adc rep- 
resent the horizontal limb; 
b, the center of the gradu- 
ated circle; e, the zero point 
of the vernier when the 
telescope is directed along 
BA in (a); f, the zero point 
of the vernier when the line 
of sight is directed along 
BC in (a); and g, the zero 
point of the horizontal 
limb. Then, the arc ac in () 

(b), which measures the ee 

angle ABC in (a), is found by subtracting the reading of the 
limb at a from the reading of the limb at c. For convenience 
the vernier is usually set to read zero when the line of sight 
is directed to A. 


A 


9. Use of Verniers.—One of the features which gives a 
transit its great accuracy is the fact that fractional parts of 
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the smallest division of the limb can be measured by means of 
a vernier. Although the limb of a transit is graduated in 
angular measure and the scale is marked along a curved edge, 
the principles of the transit vernier are the same as those of the 
vernier describedin connection with levelingrods. Forinstance, 
in Fig. 7 (b), the arc gdc is considered to be composed of the 
arc gd, measured on the limb, and the arc dc, measured by 
the vernier. 

Suppose that, in Fig. 8, AB represents a circular scale and 
CD a vernier that slides along the scale. To measure the arc 
EF, the zero point of the scale AB is set at E and the vernier 
is placed so that its zero mark is at F. The arc EF is 
composed of two parts: the portion EG from the zero of the 


scale to the scale graduation at G just preceding the zero of 
the vernier, and the part GF. The zero of the vernier is 
generally known as the index of the vernier, and the reading 
of the scale opposite the index of the vernier is called the read- 
ing of the vermier. To determine the reading of a vernier, three 
steps are performed: (1) the value of the limb graduation 
preceding the index of the vernier is observed; (2) the value 
of the fractional part of a division from that graduation to the 
index of the vernier is found by means of the vernier; and 
(3) the two values thus obtained are added. 


10. Suppose that the limb AB, Fig. 8, is divided in degrees 
and it is required to measure the arc to tenths of a degree. In 
this case, the vernier is made with a length equal to 9 limb 
divisions, and is divided into 9+1, or 10, equal parts. Then, 
the total length of the vernier is 9X1, or 9, degrees, and each 
vernier division is equal to 75>X9= 7% degree. Hence, the 
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difference between one limb division and one vernier division 
is 1—7y%=7'y degree. This difference, which is called the 
least reading of the vernier, is always found by dividing the 
value of a limb division by the number of parts into which 
the vernier is divided. Thus, in Fig. 8, the least reading of the 
vernier is equal to 7/5 degree because each limb division is 
1 degree and there are 10 parts in the vernier. 

Since the graduation at G is one beyond the mark numbered 
10, the arc EG represents 11 degrees. The value of the arc 
G F is equal to the product of the least reading of the vernier 
and the number of the vernier graduation that coincides with 
a graduation on the limb. Since, in this case, the graduation 
numbered 6 1s opposite a line on the limb, the arc G F is equal 
to 7% degree. This may be proved as follows: The distance 
from graduation 5 on the vernier to graduation 16 on the limb 
is equal to the difference between one division on the limb and 
one on the vernier, or 7’g degree; the distance between gradua- 
tion 4 on the vernier and graduation 15 on the limb is equal to 
the difference between two limb divisions and two vernier 
divisions, and so on; finally, the distance from the index of 
the vernier, which is opposite point F, to the limb graduation 
preceding it, is equal to the difference between six divisions of 
the limb and six of the vernier, or 79 degree. Hence, the arc 
E F is 11+ 4%, or 113%5, degrees. 


11. As in the case of a vernier on a leveling rod, the 
number of parts into which a transit vernier is divided is one 
more than the number of limb divisions covered by the vernier. 
Moreover, the numbers on the vernier increase in the same 
direction as do those on the limb. Then the value of the part 
of a division from a limb graduation to the index is found by 
multiplying the least reading of the vernier by the number of 
the vernier graduation which coincides with a limb graduation. 
The number of the limb graduation with which the vernier 
graduation coincides is not observed. 

The numbers of the graduations on the limb of a transit do 
not increase in the same direction on all parts of the limb, 
and, therefore, as shown in Fig. 9, the vernier on a transit 
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consists of two similar parts, the numbers of the graduations 
increasing in both directions from the index; one half of the 
vernier is used at a time, as will be explained in the following 
articles. 


12. The limb AB in Fig. 9 (a), (6), and (c) is graduated 
to half degrees; and each part of the vernier N N’ has 30 


divisions, which cover 29 divisions on the limb. Hence, the 
least reading of the vernier, which is equal to the value of a 
limb division divided by the number of parts in the vernier, is 
$0 =1 minute. In (a) is shown part of a limb on which the 
graduations are numbered from 0 to 360 in both directions. 
The figures on the limb and on the vernier of a transit are 
usually inclined, but they are shown upright here. If the 
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inner scale is read, the numbers increase in a clockwise direc- 
tion and, therefore, the graduation preceding the index is 62°. 
As the numbers on the vernier must increase in the same direc- 
tion as the numbers on the main scale, the vernier from M to 
N’ is used for readings on the inner scale. The nineteenth 
vernier division coincides with a graduation on the limb, and 
the least reading of the vernier is 1 minute; hence, the reading 
of the vernier, which is equal to the product of the least reading 
and the number of the coinciding vernier graduation, is 1X19, 
or 19, minutes. The reading of the limb on the inner scale 
in Fig. 9 (a) is, therefore, 62° 19’. 

If the outer scale is used, the numbers increase in a counter- 
clockwise direction and the vernier from M to N is employed. 
In Fig. 9 (a) the graduation preceding the index is 297° 30’ 
and the vernier reads 11 minutes. Hence, the reading of the 
limb is 297° 30’+11’, or 297° 41’. It is a common mistake to 
call the reading 297° 11’; care must, therefore, be taken to 
include the 30 minutes. 

A vernier, such as N N’, in which the divisions are numbered 
in both directions from the center, is known as a double vernier. 
On each transit there are two double verniers, which should be 
exactly 180° apart on the limb. 


13. In Fig. 9 (6) is shown part of a limb numbered clock- 
wise from 0 to 360 on the inside, and according to the quadrant 
system on the outside. The reading for the inner numbers is 
95° 30’+7’, or 95° 37’, because the graduation preceding the 
index is 95° 30’ and the seventh division of the vernier M N’ 
coincides with a graduation on the limb. For the outer set, 
the numbers between which the index lies increase in a counter- 
clockwise direction; the reading is 84° 23’, the vernier M N being 
used. Care must be taken to notice the numbers on each side 
of the index so that the degrees are not counted in the wrong 
direction and from the wrong graduation. For instance, the 
reading for the outer set might be called 95° 37’ by counting 
clockwise from 90 instead of counter-clockwise from 80. 

In Fig. 9 (c), AB is part of a limb on which the numbers of 
the inner set run clockwise from 0 to 360 and those of the outer 
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set run from 0 to 180 in both directions. Since the index lies 
between 170° and 180° for both sets of numbers, the reading 
in this case is the same whether the inner or the outer set is 
used. The value is 178° 30’+12’=178° 42’. Here, there is 
a chance of reading in the wrong direction from 180; that is, 
the reading may be called 181° 18’ by counting counter-clock- 
wise from 180 instead of clockwise from 170. 


EXAMPLE FOR PRACTICE 


The verniers shown in Fig. 10 read to minutes; verify the following 
readings: 


INNER OUTER 
(a) 140 eos 219° 58’ 
(b) PAGIE Sky! 82.35) 


(c) 185° 10’ 174° 50’ 
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AZIMUTHS 


14. Forward and Back Azimuths —Just as a line has a 
forward and a back bearing, it also his a forward and a bavk 
azimuth; that is, the azimuth of a line in one direction is its 
forward azimuth and the azimuth of the same line in the 
opposite direction is its back azimuth. But when the term 
azimuth is used, the forward azimuth is meant. In Fig. 11, 
let A B bea line whose 
azimuth is 115°; NS, 
the meridian at A; 
and N’S’, parallel to 
NS, the meridian at 
B. Then the angle 
NAB is 115° and the 
angle N’ BB’, between 
the meridian and the 
prolongation of AB, 
ist also <115°%" “FThe 
azimuth of BA, which 
is equal to the angle 
N’BA measured clock- 
wise, is 115°+180°, or 
295°. This is also the 
back azimuth of AB. If the azimuth of BA is given as 295°, 
then the angle N’BA is 295°, as shown; evidently, the angle 
NAA’ measured clockwise is also equal to 295°. Hence, the 
azimuth of AB, which is equal to the angle NAB, is 
295°—180°, or 115°. This is likewise the back azimuth 
of BA. 

15. From the preceding explanation, it is seen that the 
back azimuth of a line can be found from its forward azimuth 
by one of the following rules: 

Rule I.— Jf the azimuth of a line is less than 180°, add 180° 
to find the back azimuth. 

Rule Il.—Jf the azimuth of a line is greater than 180°, sub- 


tract 180° to obtain the back azimuth. 
ILT 418B—13 


| 
| 
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For example, if the azimuth of a line is 75°, its back azimuth 
is equal to 75°+180°=255°. If the azimuth of a line is 246°, 
the back azimuth is 246° — 180° = 66°. 


16. Angles Between Lines.—A line from which an angle 
is measured in surveying is called a backsight; the other side of 
the angle is a foresight. For example, when the angle BAC, 
Fig. 12 (a), is measured from AB to AC, the backsight is AB 
and the foresight is AC; likewise, if the angle DAE in (0) is 
measured from AD, the backsight is AD and the foresight 
is AE. Sometimes the points to which sights are taken in 
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measuring an angle are also referred to as the backsight and 
the foresight. 

Suppose that the azimuths of the lines AB and AC in (a) 
are 72° and 119°, respectively; then, if NS is the meridian 
through A, the angle NAB is 72° and the angle NAC is 119°. 
The angle BAC is obviously equal to the difference between 
NAC and NAB, which is 119°—72°=47°; in other words, 
the angle between AB and AC is equal to the difference 
between their azimuths. Now, suppose it is required to find 
the angle a between the lines AD and AEF in (b), the azimuths 
being, respectively, 212° and 14°. The angle DAN is equal 
to 360°—212° and the angle JAE is 14°. Hence, the angle 
DAE, which is equal to the sum of the angles DAN and 
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NAE, is 360° —212°+ 14° = 360°-+14° — 212° = 162°. Since, in 
this case, the azimuth of the foresight AE is less than that of 
the backsight AD, it is necessary to add 360° to the azimuth 
of AE before the azimuth of AD is subtracted from it. 

From the preceding explanations, the following rules can 
be given for finding the angle between two lines when their 
azimuths are known. 


Rule I.—The angle between two lines, measured clockwise, 
ts equal to the azimuth of the foresight minus the azimuth of 
the backsight; but in case the azimuth of the foresight is less 
than that of the back- 
sight, 360° is added to 
the smaller value before 
the larger 1s subtracted 
from tt. 


Rule II.— The angle 
between two lines, 
measured counter- 
clockwise, 1s equal to 
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the azimuth of the back- 
sight minus the azt- (a) (b) 
muth of the foresight, ee 


360° being added to the former tf necessary before the subtraction 
is performed. 


In computing the angle between two lines from their 
azimuths, both the backsight and the foresight must be taken 
as starting at the vertex of the angle. For example, let it be 
required to determine the angle ABC, Fig. 13, the azimuths 
of AB and BC being 30° and 90°, respectively. The angle 
ABC, counter-clockwise, is equal to the azimuth of BA (not 
AB) minus the azimuth of BC. The azimuth of BC is 90° 
and that of BA is 30°+180°=210°; hence, the required angle 
is 210°—90° = 120°. 


17. Azimuth of Line From Azimuth of Another Line and 
Angle Between Lines.—Frequently, the angle between a line 
of known azimuth and a second line is measured, and it is 
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required to compute the azimuth of that second line. For 
example, suppose that in Fig. 14 (a) the azimuth of AB is 
61° and the angle a is 224°; let it be required to find the azimuth 
of AC. Evidently, the angle NAC clockwise, which is the 
azimuth of AC, is equal to 61°+224°=285°. Now suppose 
that the azimuth of AD in (b) is 327° and the angle a is 160°. 
The angle N AD is 360°—327°, and the angle NAE is 160° 
— (360° — 327°), or 160°—360°+327°, which may be written 
as 327°+ 160° — 360°. 
Let B=azimuth of given line; 
C=angle between that line and another, measured 
clockwise; 
F =azimuth of second line. 
Then from the foregoing explanations, 
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In case the value of F’, obtained by formula 1, exceeds 360°, 
it is decreased by 360° in order to make the azimuth less than 
360°. 

When the angle from a given line to another line is measured 
counter-clockwise, the formula is 

F=B-—C (2) 

in which F and B have the same meanings as in formula A 
and C is the angle between the lines measured counter-clock- 
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wise. In case B is less than C, 360° is added to the value of B 
before the angle C is subtracted. If, in Fig. 15 (a), the 
azimuth of AB is 231° and the angle a is 95°, then the azimuth 
of AC may be found by formula 2 ; thus, 

P= B—C =231°—95°=136° 

Now suppose that in (b) the azimuth of AD is 47° and the 
angle ais 188°. The azimuth of AE is, in this case, 47°+360° 
— 188° =219°. 

When the azimuth of AB, Fig. 16, and the angle a are given, 
the angle is added to the azimuth of BA (not AB) in order to 
determine the azimuth of BC. For example, suppose that 
the azimuth of AB is 118° and the angle a is 135°; then the 
azimuth of BA is 118°+180°=298°, and the azimuth of BC 
is 298°+- 135° — 360° =73°. 


18. True and Magnetic Azimuths.—The relations between 
the true and magnetic azimuths of a line are given by the fol- 
lowing formulas: 

Let T =true azimuth; 

M =magnetic azimuth; 
D=magnetic declination. 
Then, if the declination is east, 
T=M+D (1) 
and M=T—D (2) 

If the declination is west, 

T=M—D (3) 
and M=T+D (4) 

ExaAme_e 1.—If the true azimuth of a line is 274° 28’ and the magnetic 

declination is 2° 40’ west, what is the magnetic azimuth of the line? 


SoLUTION.—Since the declination is west, formula 4 applies; hence, the 
magnetic azimuth of the line is 274° 28’+2° 40’=277° 8’. Ans. 

EXAMPLE 2.—The magnetic azimuth of a line is 48° 15’ and the 
magnetic declination is 3° 15’ east. Find the true back azimuth of the 
line. 

SoLuTION.—Since the declination is east, the true forward azimuth of 
the line is found by formula 1 ; thus, 

T=M+D=48° 15’+3° 15’=51° 30’ 
The required back azimuth is 51° 30’+180°=231° 30’. Ans. 
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19. Azimuths and Bearings.—A line in a given direction 
has but one bearing and one azimuth. The bearing can be 
found from the azimuth, or vice versa, by one of the follow- 
ing rules: 


Rule I.— If the azimuth is between O° and 90°, the bearing 1s 
northeast and is equal to the azimuth; conversely, uf the bearing 
1s northeast, the azimuth 1s equal to the bearing. 


Rule II.— If the azimuth ts between 90° and 180°, the bearing 
1s southeast and ts equal to 180° minus the azimuth; conversely, 
af the bearing ts southeast, the azimuth is equal to 180° minus the 
bearing. 


Rule II.— If the azimuth is between 180° and 270°, the bear- 
ing 1s southwest and ts equal to the azimuth minus 180°; con- 
versely, tf the bearing is southwest, the azimuth ts equal to 180° 
plus the bearing. 


Rule IV.—/f the azimuth is between 270° and 360°, the bear- 
ing is northwest and is equal to 360° minus the azimuth ; conversely, 
af the bearing is northwest, the azimuth is equal to 360° minus 
the bearing. 


EXAMPLE 1.—Find the bearings corresponding to the following 
azimuths: (a) 62° 10’; (6) 111° 31’; (c) 200° 14’; and (d) 348° 48’. 


SoL_uTion.—(a) By rule I, the bearing is N 62° 10’ E. Ans. 

(6) By rule II, the bearing is S (180°—111° 31’) E=S 68° 29’ E. Ans. 
(c) By rule III, the bearing is S (200° 14’—180°) W=S 20°14’ W. Ans. 
(d) By rule IV, the bearing is N (860°— 348° 48’)W=N 11°12’ W. Ans. 


EXAMPLE 2.—Find the azimuths of the lines whose bearings are: 
(a) N 16° 82’ E; (6) S 16° 32’ E; (c) S 16° 32’ W; (d) N 16° 32’ W. 

SoLuTion.—(a) By rule I, the azimuth is 16° 32’. Ans. 

(6) By rule II, the azimuth is 180°—16° 32’=163° 28’. Ans. 

(c) By rule III, the azimuth is 180°+16° 32’=196° 32’. Ans. 

(d) By rule IV, the azimuth is 360°—16° 32’=348° 28’. Ans. 


EXAMPLES FOR PRACTICE 
1. Find the true back azimuth of a line whose magnetic forward 
azimuth is 116° 17’, the magnetic declination being 1° 30’ west. 
Ans. 294° 47’ 
2. Ifthe true azimuth of a line is 249° 21’ and the magnetic declination 
is 2° 20’ east, what is the magnetic back azimuth of the line? Ans. 67° 1’ 
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3. Find the bearings corresponding to the following azimuths: 
(a) 94° 12°; (6) 358° 30’; (c) 3° 14’; (d) 269° 47’. 
in fe S 85° 48’ E; (b) N 1°30’ W; 
“| () N 8° 14’ E; (d) S 89° 47’ W 
4. Find the azimuths of the lines having the following bearings: 
(Cs) NTRS US WS) SB” IDs (eA) Sh 1 Aes (GD) IN| SE S18, 
ee ie 271° 44’: (6) 174° 53’; 
THE) A/S aD) ESP IG? 
5. tf the azimuth of a line OA is 130°, that of OB is 250°, and that of 
OC is 307°, find the values of the following angles: (a) AOB, clockwise; 
(b) AOC, counter-clockwise; (c) COB, counter-clockwise, (d) BOA, clock- 
wise. 
SuGGESTION.—Make a sketch and show the azimuths of the lines as in Fig. 12. 
my { (a) 120°; (b) 183°3 
(ec) ars (d)) 240° 
6. The azimuth of a line AB is 110°, and that of BC is 175°; find the 
angle A BC, measured clockwise. Make a sketch similar to Fig. 13. 
Ans. 245° 
7. The azimuth of a line OA is 130°. (a) If the angle A O B, clockwise, 
is 176°, find the azimuth of OB. (b) Ifthe angle A OC, counter-clockwise, 


is 235°, find the azimuth of O C. ae 1s 306° 
“( (0) 255° 

8. If the azimuth of a line AB is 45° and the angle A BC, clockwise, 

is 200°, what is the azimuth of BC? Ans. 65° 


OPERATIONS WITH TRANSIT 


GENERAL EXPLANATIONS 


20. Transit Points.—A point over which the transit is set 
up is called a transit point. Such a point should be marked as 
accurately as possible on some firm object. In surface surveys, 
a firmly embedded rock, or a specially prepared concrete block, 
called a monument, is preferable for locating the most impor- 
tant points; elsewhere, wooden stakes, called hubs, are driven 
flush with the ground. The point is marked on rock by a 
chiseled cross; in concrete a mark is made while the concrete is 
soft, or a tack, a nail, or a small pipe is embedded in the soft 
concrete; the point on a hub is marked by a flat-headed tack, 
flush with the top of the hub. For identifying points on rock 
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or concrete the necessary facts can be written on the stone 
with keel. To identify a hub and to indicate its location, a 
projecting stake, which is called a guard stake or witness stake, 
is placed near the hub; on it are marked in keel the station 
number of the hub and any other necessary information, such 
as the name or the purpose of the survey. 


21. Motions of Telescope.—As previously explained, the 
telescope of a transit has two separate turning motions; namely, 
rotation about the transverse axis and rotation about the 
axis of the instrument. 

When the telescope is in the position shown in Fig. 1, that 
is, when the level is under the telescope, it is said to be normal. 
However, it is frequently convenient to turn the telescope on 
the transverse axis so that it points in the opposite direction 
and the level is above the telescope. The telescope is then 
said to be plunged or reversed. The operation of turning the 
telescope from its normal to its reversed position, or vice versa, 
is called plunging the telescope. The telescope can be directed 
toward a point when in either position. For reference, the 
vernier near the eyepiece when the telescope is normal is 
marked A and the other is marked B. 

When the instrument is rotated on its vertical axis, it is 
said to be rotated in azimuth because the azimuth of the line 
of sight changes during the turning. This motion can be 
effected either by rotating the upper plate alone or by revolving 
both plates together. In the first case, the lower plate is 
clamped and the upper plate is unclamped; then the verniers 
move around the horizontal limb. In the second case, the 
lower plate is unclamped and the upper plate is clamped; in this 
motion, the verniers remain fixed with respect to the limb. The 
operation of turning the instrument through exactly one-half 
of a revolution, or 180°, is called reversing in azimuth. The 
operations of plunging the telescope and reversing in azimuth 
both have the effect of pointing the telescope in the opposite 
direction. 


22. Setting Up.—tIn setting up a transit, it is important 
to have the center of the instrument, which is the point of 
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intersection of the transverse axis and the vertical axis of the 
instrument, directly over a given point on the ground; also, 
the plates and the transverse axis must be horizontal. Much of 
the work of a surveying party is suspended while the transit is 
being set up; speed in setting up is, therefore, very desirable. 

As previously explained, the location of the center of the 
transit is indicated by a plumb-bob, suspended from a hook 
or ring attached to the instrument at q’, Fig. 3. The plumb- 
bob string should be held by a sliding knot in order that the 
height of the bob can be adjusted; the point of the bob should 
almost touch the mark over which it is desired to set the transit. 

In setting up, the tripod legs are spread, and their points 
are so placed that the leveling head is approximately horizontal 
and the telescope is at a convenient height for sighting; the 
instrument should be within a foot of the desired point but no 
extra care should be taken to set it very close at once. For 
convenience in setting up on the side of a hill and over 
points in rough ground, the legs of the tripod are often made 
telescopic, in order that their lengths can be adjusted; in setting 
up on a slope, two legs should be down hill. If the instrument 
is more than a few inches from the given point, the tripod is 
lifted without changing the inclinations of the legs and the 
instrument set as near as possible to the point. By pressing the 
legs firmly into the ground, the plumb-bob can usually be 
brought to within a quarter of an inch of the point. If the 
leveling head is tipped too much, two or, if necessary, all three 
legs of the tripod are moved to new positions and the plumb- 
bob is again brought close to the point by pressing the legs 
into the ground. 

When the leveling head is approximately horizontal and the 
plumb-bob is very near the point, the bubbles of the plate levels 
are brought almost to the centers of the tubes by means of the 
leveling screws. If there are four screws, the plates are rotated 
until one level is parallel to each pair of opposite screws; then 
each bubble is brought to the center separately by turning the 
screws of the corresponding pair as explained for the wye level. 
If there are three screws, the plates are rotated so that one 
level is parallel to any two screws; both bubbles are then 
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brought to the center at the same time by turning one screw 
of that pair and the third screw. 

After the bubbles are approximately centered, the instru- 
ment is loosened on the tripod plate by loosening two adjacent 
leveling screws, and the plumb-bob is brought exactly over the 
point on the ground by means of the shifting head. Then the 
instrument is held securely in position on the tripod plate by 
tightening the screws that were previously loosened. The 
bubbles of the plate levels are brought exactly to the centers 
of the tubes, and the position of the plumb-bob over the point 
is observed. If the bob has moved off the point in leveling up, 
it is brought back to the proper position by means of the shift- 
ing head, and the instrument leveled again. 


23. Review of Functions of Clamps and Tangent Screws. 
The manner in which the clamps and tangent screws work has 
already been explained. The subject, however, is here restated 
in a different form, as a thorough understanding of it is of the 
greatest importance for an intelligent handling of the transit. 

The lower clamp and the lower tangent screw control the 
motion of the lower plate about the vertical axis. When the 
lower clamp is set, the lower plate, and, therefore, the instru- 
ment as a whole, cannot be revolved in azimuth except very 
slowly by means of the lower tangent screw. The upper clamp 
and tangent screw control the sliding motion of the upper plate 
over the lower. When the upper clamp is set, the upper plate 
cannot be revolved over the lower except very slowly by means 
of the upper tangent screw. When the upper clamp is set and 
the lower loosened, the reading of the instrument is not altered 
by rotating the telescope. When the lower clamp is set and 
the upper loosened, the vernier slides along the graduated circle 
and the reading of the vernier is changed. 


24. Directing Telescope to Given Mark.—The telescope, 
or the line of sight, is said to be directed to a given point when, 
both plates being clamped, the vertical cross-wire of the 
transit passes through the point. To apply the method of 
performing this operation, suppose that, the instrument being 
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set up and leveled at some point, it is desired to direct the line 
of sight toward a certain mark, as a pole held at one of the 
stations of a survey. 

First one clamp (but not both) must be loosened. If the 
reading of the vernier is to remain unchanged, the lower clamp 
should be loosened; otherwise, the upper clamp. The instru- 
ment is then revolved in azimuth, one hand being placed near 
the bottom of each standard. The transitman, looking over 
the telescope, points it toward the flagpole to be observed, as 
nearly as he can estimate by the eye. He then looks through 
the telescope, and, if necessary, turns it to one side or the other, 
and up or down, until the pole appears in the field of view. 
Still turning the plate with his hands, he brings the image of 
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the flagpole nearly into coincidence with the vertical cross- 
wire, as shown in Fig. 17; here ab and cd are the cross-wires, 
and PQ is theimage of the flagpole. He now sets the clamp 
that has been loosened, and turns the corresponding tangent 
screw until the intersection of the cross-wires exactly 
bisects the pole, as shown in Fig. 18. This completes the 
operation. 

In transit surveying, the point sighted at should be well 
defined. The point of a pencil held in the proper position, or 
the string of a plumb-bob suspendedover the point, is preferable 
for sighting; however, if the sight is very long and such objects 
cannot be seen distinctly, a range pole can be used. The sight 
is taken in the same way whether the telescope is normal or 
reversed. In using a tangent screw, it is important to make 
sure that the last turn of the screw tightens it against the 
opposing spring; if the last turn loosens the screw, the spring 
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may not press against the projecting piece between the screw 
and the spring, and thus the telescope may move after it is 
set or may not be set properly. 


FIELD PROBLEMS 


25. Prolonging a Line.—Let AB, Fig. 19, be a line whose 
position on the ground is fixed by hubs at A and B. The line 
can be prolonged to Cin two ways. In one method, the transit 
is set up at A, and a sight is taken to B. The point C is 
located bysetting a hub in the line of sight, and marking a point 
on the hub by means of a tack. If the distance from B to C is 
to be chained, the chainmen can be lined in by the transitman. 
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This method of prolonging a line is often impracticable, since 
the point C is not always visible from A. 

The procedure commonly followed in practice is to set the 
transit at B, sight to A, and then plunge the telescope so that 
it will point in the opposite direction, that is, along AB pro- 
longed, or BC. When great accuracy is required, or when 
there is reason to believe that the transit is not in adjustment, 
one plate is unclamped, and, with the telescope still reversed, 
another sight is taken to A. Then the telescope is plunged 
back to its normal position, and the new direction for AB pro- 
longed is compared with that previously obtained. If the 
two positions of C do not coincide, the correct point is located 
midway between them. The process of prolonging a line by 
taking the average of two sets of sights as just described is 
called double centering. 

Just as in the case of turning an angle, the sight along 
BA is called a backsight and the sight along BC is a foresight. 
Sometimes, the point A is also referred to as the backsight, 
and the point C is called the foresight. 


26. Measuring Horizontal Angles.—In Fig. 20, let MO 
and ON be two lines on the ground. To measure the angle 
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MON, place the transit at O and set the index of a vernier, say 
A, to read zero on the horizontal circle by the following method. 
Unclamp the upper plate and rotate it with respect to the lower 
plate until the index is within a half degree of the zero of the 
limb. Then clamp the upper plate and, by means of the upper 
tangent screw, bring the index exactly opposite the zero of the 
limb. 

With the index clamped at zero and the lower plate 
unclamped, bring the vertical cross-wire nearly on the point M 
and clamp the lower plate; then bring the intersection of the 
cross-wires exactly on M by means of the lower tangent screw. 
Next, unclamp the upper plate and bring the vertical wire 
nearly on the point N; clamp the upper plate and bring the 
intersection of the wires exactly on N by means of the upper 
tangent screw. Then the reading of the horizontal circle at 
the index of vernier A is the value of the angle MON. In 
Fig. 20, the angle is shown as 148° 30’ clockwise, which would 
be the reading indicated by the inner set of numbers on 
the limbs shown in 
Fig.9. Care must be 
taken to use’ the 
proper tangent screw 
in each case, as turn- 
ing the wrong screw 
is a common source 
of error. 

It is not always necessary to set the index at zero before 
sighting along the backsight. When the horizontal limb is 
numbered continuously from 0 to 360 it is sometimes more 
convenient to read the vernier, wherever it may be, when the 
instrument is sighted on M and both plates areclamped. Then 
the upper plate is unclamped and the reading for the sight to 
N is taken. The difference between the two readings, taken 
with the samevernierandon thesameset of graduation numbers, 
is the value of the angle. For instance, the reading for the 
sight to M may have been 140° and that for the sight to N, 
283° 30’; then the angle MON is 283° 30’—140°=143° 30’. 
The method explained in the preceding paragraph is usually 
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preferable, however, as there is less chance of confusion and 
error. 


27. Deflections.—The relative directions of two lines may 
be given by the angle between one line and the prolongation 
of the other line. Thus, in Fig. 21 (a), instead of taking the 


angle AOB, it is often more convenient to consider the angle 
A’'OB between OB and the prolongation of AO. The angle 
that one line makes with another line produced is called the 
deflection of the first line from the second. Deflections are 
measured either clockwise or counter-clockwise from the pro- 
longation of the backsight. Thus, in Fig. 21 (a), the deflection 
of OB from AO is 20° clockwise, usually designated 20° to 
the right and written 20° R. In (6), the deflection of OC from 
AO is 145° to the left, or 145° L. Deflections are always 
measured in the direction that gives an angle less than 180° 


28. Measuring Deflection Angles.—To measure the deflec- 
tion of ON from MO in Fig. 20, the transit is set up at O, the 
index of a vernier, say A, is set at zero of the horizontal circle, 
and, with the telescope reversed, the intersection of the cross- 
wires is brought exactly on the point M by means of the 
lower clamp and its tangent screw. Then the telescope is 
plunged back to its normal position, the upper plate is 
unclamped, and the line of sight is directed to N by means of 
the upper clamp and its tangent screw. The reading of the 
vernier A is the value of the angle PON, which is the required 
deflection angle. In Fig. 20, the angle is given as 36° 30’; 
since it is turned to the left from O P, it would be recorded as 
36° 307 L, 

29. Passing Obstacles.—The methods of passing obstacles 
with a transit are similar to those described for a compass; but, 
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instead of using the bearings of the lines, the angles between 
the lines are taken. For example, suppose that it is required 
to determine the length of the line AB, Fig. 22, which crosses 
ariver. First, the line is run toa point P near the bank of the 
river and the transit is set up at that point. Then any 
convenient line PQ is laid off, and the angle P and the dis- 
tance PQ are meas- 
ured... Finally, the 
transit is set up at Q 
and the angle Q is 
measured. The angle 
B is equal to 180° 
—P—Q; but, if pos- 
sible, the angle B 
should be measured in 
order that the work may be checked by seeing whether the sum 


of the three angles is 180°. The length of PB is computed 
by the relation PB= ee and the length of AB is found 


by adding PB and AP. 
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SURVEYING WITH TRANSIT 


RUNNING TRANSIT LINES 


INTRODUCTION 


30. Measuring Distances.—Distances in a transit survey 
should be accurate and, therefore, a steel tape should be used 
formeasurements bychaining. Thetapeshould beheld straight, 
horizontal, and taut; and when the position of a point is to be 
transferred from the tape to the ground, or vice versa, a plumb- 
bob should be employed. 

As already explained, distances should be measured hori- 
zontally, but it is sometimes more convenient to measure a 
distance parallel to the ground and the angle that the inclined 
line makes with the horizontal, The required horizontal 
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distance may then be computed by multiplying the inclined 
distance by the cosine of the vertical angle. Occasionally, 
the difference in elevation between the ends of the line is 
determined instead of the angle of inclination. In this case, 
the horizontal distance is found by the following relation between 
the sides of a right triangle. 
Let a=horizontal distance; 
b=inclined measurement; 
c=difference in elevation between ends. 


Then, a= ~vb—@ 


31. Determining Directions.—There are three common 
methods of determining the directions of the courses of 
a traverse by means of a transit: (1) by direct angles; (2) 
by deflection angles; and (3) by azimuths. Each method has 
advantages for certain classes of surveys. 
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Most transits have a needle and a needle circle and can, 
therefore, be used as a compass, the telescope being sub- 
stituted for the sights. In conjunction with any of the fore- 
going methods, the bearings of some of the courses in a transit 
survey are commonly observed on the needle circle as an 
approximate check to guard against mistakes in reading the 
limb of the transit. In such cases, the bearings are usually 
read to the nearest quarter degree. 

When a sight is taken with the telescope reversed, the bear- 
ing of the line is indicated by the south end of the needle. The 
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following explanation gives the reason for this. Suppose, for 
example, that the line of sight is directed along the line AB, 
Fig. 23 (a), with the telescope normal; in this case, the eye- 
piece is toward A and over the south point S of the needle 
circle. The needle CD (the north end is at C) indicates that 
the bearing of AB is northeast, the north end being read when 
the telescope is normal. Now, suppose that the telescope is 
plunged to its reversed position. The conditions are then shown 
in (b); the eyepiece is toward B and the line of sight is directed 
along BA instead of AB. Since the needle circle has not been 
rotated, the reading of the needle is not altered. Hence, the 
north end of the needle still indicates a northeast bearing 
although the line of sight is now directed southwest. The 
south end of the needle, on the other hand, properly records 
a southwest bearing. 


METHOD OF DIRECT ANGLES 


32. General Description.—In the method of determining 
the directions of the courses of a transit survey by direct angles, 
the transit is set up 
at each corner; and 
each angle is meas- 
ured by taking a back- 
sight along one course 
and a foresight along P A 
the next course. The 
angles may be meas- 
ured in any order. but, 
to avoid confusion, all 
angles of the survey 
should be turned in the same direction, preferably clockwise. 

To survey the boundaries of the field shown in Fig. 24, the 
transit is set up at any corner, say A, a backsight is taken on E, 
and the angle EAB is measured clockwise, as indicated by the 
arrow; the value is recorded in the notes. The magnetic 
bearing of AB should be taken by reading the needle circle, 
and the distance AB should be measured. Then the transit 
is moved to B, and a backsight is taken along BA. The angle 
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ABC is measured clockwise and the length and the magnetic 
bearing of BC aredetermined. The other angles, lengths, and 
bearings are determined in a similar manner. 

The magnetic bearings are used as a check on the angles. 
Suppose, for instance, that the angle at B, Fig. 24, is 117° 42’, 
and the bearings of A B and BC are N 37° 30’ W and S 80° 
15’ W, respectively. Then the bearing of BC is computed 
from the observed values of the bearing of AB and the angle 
at .B, as follows: The conditions are shown in Fig. 25: 
NS represents the meridian through B, the angle SBA is 
37° 30’, and the angle ABC is 117° 42’. Then S BC is equal 
to ABC—SBA#=117° 42’—37° 30’ =80° 12’, and the bearing 
of BC is S 80° 12’ W. _ Since this agrees closely with the 
observed bearing of B C, the angle is taken as correct. Incase 
the observed and calculated values 
of a bearing do not agree within 
4 degree, all readings and computa- 
tions connected with that bearing 
should be verified. If no error is 
found, the difference is probably 
due to local attraction. 


33. Field Notes.—There are 
many forms of keeping the field notes 

A for the method of surveying by 
direct angles, but only one will be 
shown here to serveasa guide. The 
title of the survey, the date, the names of the members of the 
party, and other pertinent information should be given as 
explained for a compass survey and as shown in Fig. 26. Inthe 
first column of the left-hand page of the notebook (a transit 
book is used) is the angle, the first letter indicating the point on 
the backsight, the second letter denoting the vertex, and the 
third letter the point on the foresight ;a note to this effect may be 
inserted at the bottom of the left-hand page to avoid confusion. 
The second column contains the value of the angle measured 
clockwise, as indicated by the heading. In the third column 
is the course, for which the length is given in the fourth column 
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and the observed and mag- 
netic bearings in the last two 
columns of the left-hand page. 
The notes may be read either 
from the top of the page 
downwards or from the bot- 
tom of the page upwards. 

A complete description of 
each corner, with references 
to permanent objects near-by, 
and any necessary remarks 
and sketches, should be given 
on the right-hand page of the 
notebook. The true bearing 
of some line of the survey 
should be determined either 
from an astronomical obser- 
vation on the true meridian 
or from a line of another sur- 
vey that has been previously 
established. 
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34. Measuring Angles 
by Repetition.—The measure- 
ment of direct angles is best 
adapted to closed traverses 
where extreme accuracy is 
required, because the angles 
can be determined by the fol- 
lowing method, called the 
method of repetition, with 
greater precision than the 
least reading of the vernier. 
In this process, the vernier is 
set at zero and the telescope 
is directed to the backsight; 
for instance, if the transit is 
set up at A in Fig. 24, the 
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telescope is sighted to E. Then the upper plate is unclamped 
and the telescope is sighted on the foresight, B. The 
vernier reading is recorded for reference. With the vernier 
still set in this position, the lower plate is unclamped and the 
telescope is again directed to E as a backsight. Then, the 
upper plate is unclamped and another foresight is taken to B. 
The vernier should now read twice the angle EAB, but 
it is not necessary to observe the reading. With the 
vernier clamped at this reading, the lower plate is again 
unclamped and a third backsight takenon E. Then the upper 
plate is unclamped and a foresight is taken to B. Now the 
vernier reads three times the angle EAB. The operation 
may be repeated as often as desired, the value of the angle 
being obtained by dividing the final reading by the number of 
times the angle was turned. For example, suppose the transit 
can be read to 30 seconds and the first reading is 26° 40’ 30”. 
Then, after the angle has been turned four times, suppose the 
vernier reads 106° 41’ 30’... The average value of the angle, 
which is taken as the correct value, is, therefore, equal to 
+ 106° 41’ 30’ =26° 40’ 22.5’. Again, suppose that an angle 
is found to be about 105° 21’ and that the reading after the 
angle has been turned six times is 272° 7’. Since the angle is 
approximately 105° 21’, six times the angle should be about 
6X105° 21’, or 632° 6’; hence, the index of the vernier must 
have turned through more than a complete revolution with 
respect to the limb, and the final reading may be considered 
as 360°4272° 7’, or 632° 7’. The value of the angle, in this 
case, is taken as ¢X632° 7’, or 105° 21’ 10”. 

By this method a different part of the limb is generally 
used in each measurement of the angle and the errors due to 
poor graduation of the limb are practically eliminated. More- 
_over the unavoidable errors in reading the vernier are not 
multiplied for each turning. 


METHOD OF DEFLECTION ANGLES 


35. Outline of Process.—In the method of deflection 
angles, the directions of the courses are determined by measur- 
ing the angle that each line makes with the prolongation of the 
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preceding one. This method is most convenient when all the 
lines of the traverse have the same general direction, as is 
usually the case in a survey for a railroad. 

To illustrate the process, suppose it is required to run a 
deflection traverse from the point F, Fig. 27, the true bearing 
of F G being known from a previous survey to be S 16° 35’ W. 
The transit is set up at F, and, with the vernier set at zero and 
the telescope reversed, a backsight is taken to G. Since the 
telescope is reversed, the magnetic bearing of FG is observed by 
reading the south end of the needle. Then the telescope is 
plunged back to normal, the upper plate is unclamped, and a 
sight is taken to A. The reading of the vernier is recorded as 
the deflection of FA; since FA is to the right of FG produced, 


the reading is marked 44° 28’ R. The magnetic bearing of 
FA is also taken and the distance F A is measured. The 
transit is moved to A, and the deflection of AB from FA is 
measured and recorded as 57° 42’ R; the bearing and length of 
AB are also determined, and the observed bearing is compared 
with the value calculated from the bearing of FA and the 
deflection of AB. The deflections, bearings, and distances of 
the other courses are obtained in a similar manner. 

In a railroad survey, the point F would be called Station 
0+00 because it is the beginning of the traverse, and the point A 
would be numbered to correspond to the distance FA; thus, 
if FA is 419 feet, A is Station 4+19. The station numbers 
of the other points are found in a similar way; the distance 
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from F to B is 419+386=805 feet, and the station number is, 
therefore, 8+05. 


36. Field Notes.—A good method of recording the field 
notes for a deflection traverse like that shown in Fig. 27 is 
given in Fig. 28. The general information concerning the 
purpose of the survey, the members of the party, etc., should 
be given as in Fig. 26. In the first column of the left-hand 
page are the station numbers; in the second column, the dis- 
tances; in the third, the deflections: and in the fourth and fifth, 
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the observed and calculated magnetic bearings. The notes 
read upwards from the bottom of the page and the values 
on the line of the notes between any two stations refer to the 
course in the field joining the same two stations. Thus, 57° 
42’ R, between Stations 4+19 and 8+05 in the notes, is the 
deflection of the course from Station 4+19 to Station 8+05; 
similarly, 625 in the notes between Stations 12+61 and 18+86 
is the distance from Station 12+61 to Station 18+86. 

The column headed Kemarks represents the entire right- 
hand page of the notebook. The reference line from which the 
survey is started should be fully described, and the relation 
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between the first line of the new survey and the old established 
line should be given by a sketch as shown. Often the deflec- 
tions to the right and those to the left are placed in separate 
columns, headed right and left, respectively. 


METHOD OF AZIMUTHS 


37. Orienting.—As previously explained, the azimuth of 
a line is the angle between the line and a meridian. Although 
in a survey by azimuths the true meridian is always pref- 
erable and sometimes necessary, the magnetic meridian or 
any other convenient line, called a reference meridian, is often 
used as the direction from which azimuths are measured. 
The important consideration is that all azimuths of a traverse 
must be referred to the same meridian, which should be fully 
described. 

When the telescope is directed along a given line and the 
reading of the vernier of the transit indicates the azimuth of 
the line of sight, the transit is said to be orvented. For example, 
if the telescope is in the magnetic meridian and the vernier 
reads zero, the transit is oriented for magnetic azimuths. Like- 
wise, if the true azimuth of a certain line is known to be 30°, 
and the vernier reads 30° when the telescope is directed along 
the line, the transit is oriented for true azimuths. 


38. Methods of Orienting.—In starting a survey, there 
must be some line of which the azimuth is either known or 
assumed and along which the transit can be oriented. There 
are three methods of orienting, all of which are similar in 
principle. 

One method is based on the fact that the back azimuth of 
a line is equal to its forward azimuth plus or minus 180°. For 
example, suppose that the azimuth of OP, Fig. 29, is known to 
be 64° 21’, and the transit is set up at P. Then the azimuth 
of PO, which is the back azimuth of OP, is 64° 21’+180°, or 
244° 21’. Hence, if vernier A is set to read 244° 21’ and the 
telescope is directed to O, the transit will be oriented along 
the line PO. 
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As previously explained, the two verniers on a transit are 
exactly 180° apart. A second method of orienting utilizes the 
fact that when vernier B reads the azimuth of OP, vernier A 
reads that value plus or minus 180°, which is the azimuth of 
PO. Hence, if vernier B is set at the azimuth of OP and the 
telescope is directed to O, the transit will be oriented for reading 
vernier A. 

The third method is based on the principle of prolonging 
a line by plunging the telescope. Ifa backsight is taken to O 
with the telescope reversed and 
then the telescope is plunged back 
to its normal position, the line of 
sight will be directed along PQ, or 
OP produced, and the azimuth of 
the line of sight will be equal to 
the azimuth of OP. Hence, in this 
method of orienting, vernier A is 
set to read the azimuth of OP, a 
backsight is taken to O with the 
telescope reversed, and then the 
telescope is plunged back to normal. 
As will be shown in the following 
Fic. 29 article, this third method is the most 

convenient and is usually preferred. 

Often a traverse is started by orienting the transit in the 
magnetic meridian as follows: Set up over the starting point 
and loosen the needle. Set the vernier to read zero and then 
rotate the instrument until the north end of the needle is 
exactly opposite the north point of the needle circle. Since 
the vernier reads zero and the telescope is in the magnetic 
meridian, the transit is oriented. 


Ss’ 


39. Azimuth Traverse.—Suppose that the traverse shown 
in Fig. 30 starts at A, which is a known point on the line AF, 
whose true bearing was found in a previous survey to be N 42° 
36’ W. Since the bearing of AF is northwest, its azimuth is 
360° — 42° 36’, or 317° 24’. The transit is set up at A and is 
oriented by sighting to F with the vernier reading the azimuth 
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of AF, or 317° 24’; the magnetic bearing of A F is observed and 
recorded. The upper plate is then loosened and the azimuth 
of the line of sight for any position of the telescope is given by 
the reading of the vernier. Thus, if the telescope is directed 
to B, the reading of the vernier, in this case 75° 17’, is recorded 
as the azimuth of AB. The distance from A to B is measured 
and recorded, and the bearing of the line is observed. 

In using the third method of orienting the transit, the vernier 
is left set at the azimuth of the preceding course. Thus, when 


the transit is moved to B, the vernier is left at the azimuth of 
AB, and the backsight to A is taken with the telescope reversed. 
Then the telescope is plunged back to normal, the upper plate 
is unclamped, and the telescope is directed toC. The reading 
of the vernier gives the azimuth of BC, in this case 89° 30’; 
the bearing is also observed as a check, and the distance BC is 
measured. The vernier is left at the azimuth of BC; the tran- 
sit is then set up at C and is oriented by backsighting to B 
with the telescope reversed. The operations just described 
are repeated for each point. In the other methods of orient- 
ing, it is necessary to reset the vernier before backsighting, and 
there is a chance of error in doing so. 


40. In azimuth surveying, it is convenient to refer the 
bearings to the same meridian from which the azimuths are 
measured in order that the bearing and the azimuth of each 
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course may be readily compared in the field. To convert 
true azimuths to magnetic, or vice versa, the magnetic declina- 
tion must be known. If it is not given for the locality, it 
may be found by taking the difference between the true and 
magnetic bearings of any line. For instance, if the magnetic 
bearing of AF, Fig. 30, is read on the needle circle as N 40° 
15’ W, the angle between the true and magnetic meridians at 
A is 42°136’—40° 15’=2° 21’) say 2° 20’. Since the‘ north 
point of the needle lies to the west of the true meridian, the 
declination may be taken as 2° 20’ W. If it is suspected that 
there is local attraction at A, the true and magnetic bearings 
of some other line must be used. 

In most cases where azimuths are used, magnetic azimuths 
are determined in the field, and the lines are drawn on a map 
and marked with respect to the magnetic meridian. Then the 
true meridian is drawn on the map and the angle it makes with 
the magnetic meridian is indicated; hence, true azimuths can 
be readily determined. If it is desired to measure true azimuths 
in the field, true bearings can also be read directly by setting 
the declination arc that is supplied on most transits. 


41. Advantages of Azimuths.—The method of azimuths 
is best adapted to surveys where many points are to be located 
from a single set-up as in the case of a topographic survey. 
One advantage of azimuths is that all angles in the notes are 
measured in the same direction from the meridian as a back- 
sight. Hence, the chance of an error in recording or inter- 
preting the notes is much less than in recording direct or deflec- 
tion angles, which must be marked left or right and for which 
it is necessary to indicate the backsight. Another advantage 
is that azimuths and bearings can be readily compared in the 
field; large errors in the transit work can thus be detected at 
once. In traversing by direct or deflection angles, the work 
must be delayed while the bearing is calculated from the bearing 
of the preceding course and the angle, or the calculations must 
be performed in the office, in which case an error may nullify 
much field work. A third advantage is that in office calcula- 
tions, the azimuths or bearings of the courses are usually 
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needed. The fourth important consideration is that plotting 
with a protractor is much more convenient if azimuths or 
bearings are used. 


42. Field Notes.—When a survey by azimuths does not 
include many sights from each set-up, the form given in Fig. 31 
is convenient for keeping the notes. The general information 
concerning the purpose of the survey,the members of the party, 
etc. is given as for the surveys already described. In the first 
column of the left-hand page are the courses, and in the next 
three columns are the lengths, magneticazimuths, and magnetic 
bearings, respectively. The two remaining columns of the 
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left-hand page and the entire right-hand page are for remarks 
and sketches. 

The notes read from the bottom of the page upwards. The 
azimuths of the traverse lines and of important sights are given 
to the nearest minute; but for locating minor details, as the 
points on Rattling Run, readings to the nearest 10 minutes 
are sufficiently close. A complete explanation for the 
location of point A and the method of orienting should be 
given in the notes as shown. All points should be described 
fully and accurately. Where possible, the traverse should be 
closed, as by course GA, and, as a check, the azimuth of AB 
should be redetermined by orienting on G. 

When many points are located from each set-up, the form 
given in Fig. 32 is commoniy used for the left-hand page of 
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the notebook. A sketch, showing the relative locations of the 
points and what each indicates, should be made on the right- 
hand page with any other information that cannot be given on 
the sketch. 


SURVEYING BY TRIANGULATION 


43. General Principle.—In surveying by triangulation, 
one line, called a base line, is measured, and all other distances 
are determined by measuring the angles of a triangle and 
computing the lengths of the sides. The determination of 
the distance PB in Fig. 22 by measuring the distance PQ and 
the angles P and Q is an illustration of triangulation. The 
base line in that case is PQ, the length of which is measured; 
and, when the angles P and Q are also measured, the distances 
PB and QB can be calculated by the relations between the 
sides of a triangle and the sines of the angles. Thus, 


P puPQ sin Q 
sin B 
I2O) sia, 12 


If the distances P B and QB are required with great 
accuracy, the distance PQ is measured very carefully and the 
angles are measured by repetition. Moreover, in such a case, 
the three angles are always measured. A check on the work is 
thus provided because the sum of the angles should equal 180°. 


44. Use of Triangulation.—Triangulation is by far the 
most accurate and most convenient method of determining 
distances when the points are very far apart or are separated 
by rough country. Often, measuring distances in any other 
way is impracticable because the points may be separated 
by obstacles which make chaining very difficult; in Fig. 22, the 
river between P and B is such an obstacle. In surveying by 
triangulation, it is important that the base line should be as 
long as possible, and that angles less than 20° should be 
avoided. 

The main use of triangulation, however, is in running a net- 
work of lines over a large area in order to locate accurately 
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many points from which other surveys can be started. The 
most extensive triangulation surveys are being continually 
made by the United States Coast and Geodetic Survey. In 
such a survey, the directions of lines are usually referred to the 
true meridian. 


45. Extended Triangulation Survey.—It is not always 
possible to determine a required distance by means of a single 
triangle. Then a series of triangles is laid out, in which the 


F H 
B 


Cc 
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base line of each triangle is one of the sides of the preceding 
triangle. The simplest method of arranging these triangles 
is shown in Fig. 33; in this case, the process of determining the 
length and direction of AH is as follows: First, the line BC 
in any convenient direction is selected as a base line and its 
length is carefully measured; if desired, the base line can be 
run through A. Then a number of points, D, FE, F, G, are 
selected so as to form a net of‘triangles, BCD, CDE, etc., 
and the three angles of each triangle are measured. Thus, at 
C, the angles ACB, BCD, and DCE are determined; and at 
D, the angles BDC, CDE, and EDF are obtained. 

The azimuth of the base line BC is determined or assumed 
and then the lengths and azimuths of the other lines can be 
calculated. The length and azimuth of C D will be found from 
the measurements in triangle BCD. Then CD can be used 
as a base line for determining D E from the measurements in 
triangle CDE. Similarly, DE is the base line for triangle 
DEF, EF is the base line for triangle EFG, and FG is the base 
line for triangle FG H. The method of calculating the length 
and the azimuth of AH will be explained in another Section. 


- 
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It is evident that all the points should be selected before 
starting the survey in order that all angles having the same . 
point as a vertex can be measured at the same time. The 
angles may be taken in any order; for example, it may be more 
convenient to measure the angles at C, E, and G first, and then 
to proceed to B, D, and F. It is essential that each point not 
only should be visible from the other points to which sights 
are taken but also should be accessible for setting up the 
transit. In the United States Coast and Geodetic Survey, a 
tower is often built with a platform at the top when no other 
suitable point is available. 


TRIGONOMETRIC LEVELING 


46. Measuring Vertical Angles.—As has been explained, 
trigonometric leveling is the determination of differences in 
elevation by means of horizontal or inclined distances and 
vertical angles. For instance, the difference in elevation 
between the points A and B, Fig. 34, may be found by measur- 
ing the horizontal or inclined distance from A to B and the 
angle between a hori- 
zontal line and the ! 


line through A and B. : \c--, 
: ia 
This angle may be tee Peer 
ight-- 2 
measured by means 7 (ies a 


OL a\transit, 
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of the vertical limb is | ies _ 

zero when the line - i _ 
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In such a case the 
vertical angle between the horizontal and the line of sight for 
any position of the telescope is given directly by means of the 
reading of the index of the vernier 7’, Fig. 1, on the vertical 
limb 7’. 

To measure the vertical angle between the horizontal and 
a line between two points on the ground, as A and B, Fig. 34, 
the transit is set up over one of the points, say A, and the ver- 
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tical distance a from the ground to the center of the transverse 
axis is measured by means of a tape or a leveling rod. Then 
a pole or arod is held vertically at B, and the point C is marked 
onit at the height a above the ground. Finally, the horizontal 
cross-wire of the telescope is set on C, and the required vertical 
angle Z is read from the vertical limb. 

If the objective of the telescope is higher than the eyepiece, 
the angle is an angle of elevation and is marked +, or is given 
without a sign. If the objective is lower than the eyepiece, 


a 6 
d e 
(a) 
- b 
a e 
(b) 
Fie. 35 
the angle is an angle of depression and is marked —; the sign 


— must always be written, as a value without any sign is 
understood to have the sign +. 


47. Index Error.—In the method of measuring vertical 
angles described in the preceding article, it is assumed that the 
reading of the vertical limb is zero when the line of sight is 
horizontal. On most transits, the vernier can be shifted 
slightly on the standard to which it is attached, and the index 
can thus be set to coincide with the zero of the vertical limb, 
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but it may not be possible, or perhaps not always convenient, 
to make this adjustment. In case the vernier is not adjusted, 
its reading when the bubble of the telescope level is centered is 
called the index error. Suppose, for instance, that the tele- 
scope in Fig. 1 is clamped in a horizontal position, as indicated 
by the fact that the bubble of the telescope level k’ is in the 
center of its tube, but the index of the vernier 7’ is not opposite 
the zero of the vertical limb7z’. Leta, Fig. 35, represent part 
of the vertical limb, with the zero point at c;and d e, the vernier, 
with the index at f. It is assumed that the telescope is normal 
and the eyepiece is to the right beyond b. 

If the zero of the vernier lies between the zero of the limb 
and the eyepiece of the telescope in its normal position, as in 
(a), the index error is marked +; if the zero of the vernier is 
between the zero of the limb and the objective of the telescope, 
as in (b), the index error is marked —. When there is an 
index error, readings of the vertical limb must be corrected by 
an amount, called the tudex correction, which is equal to the 
index error. This correction is applied as follows: 


Rule I.—/f the error 1s +, the correction ts subtracted from an 
angle of elevation or added to an angle of depression. 


Rule II.—/f the error 1s —, the correction ts added to an angle 
of elevation or subtracted from an angle of depression. 


In performing the addition or subtraction, the signs of the 
angle and of the error are disregarded. For example, if the 
observed angle is +10° 45’ and the error is +4’, the corrected 
value of the angle is, by rule I, 10° 45’—4’=10° 41’. If the 
angle is —10° 45’ and the error is +4’, the corrected numerical 
value is 10° 45’+4’=10° 49’: of course, the negative sign is 
retained to indicate that the angle is an angle of depression. 
Again, if the observed angle is +10° 45’ and the error is —4’, 
the corrected angle is, according to rule II, 10° 45’+4’ 
=10°49’. Finally, if the angle is — 10° 45’ and the error is —4’, 
the corrected numerical value is 10° 45’—4’ = 10° 41’. 

Observations of the index error should be made at intervals 
during the day, or at least at the beginning and the end of the 
day’s work. It is best to record the actual limb readings and 
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the index error; then the corrected values can be determined in 
the office at the end of the day. 


48. General Formulas.—In Fig. 34, BC is parallel and 
equal to AD. Hence, ABCD is a parallelogram and DC is 
parallel and equalto AB. The difference in elevation between 
A and B is, therefore, represented by the distance CE. From 
the right triangle CDE, 


Ca Orsine7aandinle = 1) teat 


In general, let 
h=difference in elevation between two points; 
1=length of inclined line between points; 
Z =vertical angle that line makes with horizontal; 
s=horizontal distance between points. 
Then, h=l1 sin Z (1) 
h=stanZ (2) 


If the vertical distance is desired with great accuracy, the 
inclined or the horizontal distance should be measured carefully. 
Alsc, the vertical 
angle should be meas- 

! ured in both direc- 

ie tions; for instance, 
fe H with the transit at A, 

Fig. 34,asightistaken 
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ference in elevation 

between the points; thus, if the value with the transit at A is 

+15° 17’, and with the transit at B, it is —15° 19’, the correct 
15° 17’+15° 19’ ees 
——_.——__, or 15° 18’. 


value is taken as 9 
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Occasionally, it is more convenient to sight on a point which 
is not at the same height above the ground as the transverse 
axis of the instrument; thus, in Fig. 36, BC is not equal 
to AD. 


Let h’=difference in elevation between two points; 
a=height of transverse axis above ground at first point; 
h= distance computed by formula 1 or formula 2 3 
k=rod reading at second point. 

If the vertical angle is an angle of elevation, as shown in (a), 
the difference in elevation between A and B is found by the 
formula 

h'=a+h—k (3) 

If the vertical angle is an angle of depression, as in (b), 

the formula is 
h'=a—h—k (4) 

EXAmPLE 1.—(a) If, in Fig. 34, the distance DC is equal to 186.32 

feet, the vertical angle from A to B is +18° 2’, and the angle from B to A is 


—18° 3’, what is the difference in elevation between A and B? (b) If the 
elevation of A is 110.2 feet, what is the elevation of B? 


oor 09, 
SoLuTION.—(a) The average value of the vertical angle is eet ee 


=18° 2’ 30”. By formula 1, 
BPs OOo Coie Suez oO a Oe eit meea Se 
(b) Since Bis higher than A, the elevation of B is equal to 110.2+-57.7 
=167.9 ft. Ans. 


EXAMPLE 2.—The transit is set up over a point A, Fig. 36 (b), with 
the center of the transverse axis 4.9 feet above the ground; and, with 
the horizontal cross-wire reading 7.5 feet ona leveling rod held at B, 
the vertical angle is —3° 41’. If the horizontal distance from A to B is 
361.74 feet, and the elevation of A is 98.3 feet, find the elevation of B. 


SoLuTion.—By formula 2, 
h=s tan Z=361.74 tan 3° 41’=23.3 ft. 
Since the angle Z is negative, C is below E. Then, in formula 4, 
a=4.9, h=23.3, and k=7.5; hence, 
h’ =4.9—23.3—7.5 = —25.9 ft. 


This means that B is 25.9 ft. below A; the elevation of B is, therefore, 
equal to 98.3—25.9=72.4 ft. Ans. 


49. Elevations of Inaccessible Points.—A very useful 
application of trigonometric leveling is in determining the 
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difference in elevation between two points when one of them is 
inaccessible. Such a case is shown in Fig. 37, where it is 
required to find the difference in elevation between A and B, 
direct leveling and the method explained in Art. 48 being 
impracticable. If the ground is fairly level for some distance 
from A, the following procedure is convenient. Set the transit 
over A, bring the horizontal cross-wire on B, and determine 
the vertical angle b that the line of sight CB makes with the 
horizontal line CD; measure also the vertical distance a from 
the ground to the transverse axis. Next, select a point & on 
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line between A and B, and measure the horizontal distance c. 
Then, set the transit over E, bring the horizontal wire on B, 
and determine the vertical angle d between the line of sight 
FB and the horizontal. Finally, with the transit still at E, 
find the vertical distance e by setting the line of sight along the 
horizontal line FG and reading a leveling rod heldat A. The 
difference in elevation between C and F, denoted by f, is equal 
to a—e, and h, the required difference in elevation between 
A and B, may be computed by the formula 


c+f cot d 
cot b—cot d ce 


This relation is derived as follows: The line of sight FB 
intersects the horizontal line CD at H, the vertical distance 


h=a+ 
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between F and H being equal to f, and the horizontal distance g 
being equal to fcotd. From the figure, CD= CH+HD,; 
but CH=c+g=c-+f cot dand HD=BD cot d. Hence, 
C D=c+f cot d+ BDcotd 
Also, in the right triangle BCD, 
CV 8 Decot. 6 


Thus, c+f cot d+BD cot d=BD cot b 
whence, B pa ae ee 
cot b—cot d 
d ee ee c+f cot d 
a fo Sa b—cot d 


In case the point F is above C, as indicated by the fact that e 
is greater than a, the value of f is e—a and the formula for the 
difference in elevation between A and B is 


G—f cotd 
cot b—cot d 
If the horizontal distance C D is required, it may be found 


by the formula 
C D=(h—a) cot b (3) 


The point E shouldbe not more than 4 feet vertically below A 
and not more than 6 feet above A in order that the distance e 
may be obtained from the set-up at & by reading arodheldon A. 
In case this is not possible because the ground is too steep, 
the distance f must be found by direct leveling, a turning point 
being established between A and E. Itis assumed in formulas 
1 and 2 that the point B is higher than A; this is almost 
always the case in practice, because it is hardly possible that 
B would be visible from both A and E when B is below A. 


ExaMPLE.—In order to determine the elevation of a point B, Fig. 37, 
on the top of a cliff, a transit having an index error of +3’ was set over a 
point A, the elevation of which was known to be 161.8 feet; the height a of 
the transverse axis was 5.0 feet, and, when the horizontal wire was brought 
on B, the vertical limb read +16° 32’. A point E was next located at a 
horizontal distance c from A equal to 200 feet. Then the transit was set 
over E, the horizontal wire brought on B, and the vertical limb reading 
observed as +24°48’. Finally, with the telescope horizontal, the reading e 
on a leveling rod held on A was 7.8 feet. Find the elevation of B. 


h=a+ 
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So.uTion.—Since the index error was +3’, the corrected vertical angle 6 
was 16° 32’—3’, or 16° 29’, and the corrected angle d was 24° 48’—3’, or 
24° 45’. The value of f, which is equal to e—a, is 7.8—5.0=2.8 ft. Then, 
the difference in elevation between A and Bis found by formula 2. Here, 

200—2.8 cot 24° 45’ 
cot 16° 29’—cot 24° 45’ 


200—2.8 X 2.16917 
3.87955 — 2.16917 


h=5.0+ 


=5.0+ 


= Gasoatte 
Hence, the elevation of B is 161.8+165.2 =327.0 ft. Ans. 


50. Often, the method of the preceding article cannot be 
applied because a suitable point cannot be established between 
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the two given points. In such a case, the following method 
may be used: Let it be required to determine the difference 
in elevation between A and B, Fig. 38. First, select a point C 
several hundred feet from A and in such a position that the 
point B is visible and the distance A C may be readily chained. 
Then set the transit over A and, with the vernier reading zero, 
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sight to C. Next, unclamp the upper plate and bring the 
intersection of the cross-wires on B; for this setting, read 
the horizontal limb and the vertical limb. Also measure the 
horizontal distance AC and the vertical distance a from 
the ground to the transverse axis. Now, set the transit over C 
and, with the vernier reading zero, sight to A. Finally, 
loosen the upper clamp, sight to B, and read the horizontal 
limb. The required difference in elevation is then computed 
as follows: In the figure, D is a point vertically beneath B 
and at the same elevationas A. The reading of the horizontal 
limb when the transit is at A measures the angle between AD 
and the horizontal projection of AC, and the reading with the 
transit at C indicates the angle between the horizontal projec- 
tions of AC and CD. In the triangle ACD, angle ADC is 
180°—C AD—ACD and 


WAC sin ACD 
sin ADC 
The reading of the vertical limb when the transit is at A gives 


the vertical angle Z between the line of sight E B and the hori- 
zontal line E F; from the figure, E F is equal to AD and 


FB SIG IE ey ZS AWD WweKn A 


If Z is an angle of elevation, as in Fig. 38, the difference in 
elevation between A and B, which is equal to BD and is denoted 
by h, is FB+a or AD tan Z+a. When the value of AD is 
substituted, this becomes 
_AC sin ACD tan Z 
« sin ADC 


If Z is an angle of depression, 


Pee in CD tan Zar 
sin ADC 


If, in formula 2, h is positive, B is below A; but if h is 
negative, B is above A. 


AD 


h +a yy) 


h (2) 


EXAMPLE.—The horizontal distance A C, Fig. 38, is 500 feet, angle 
DA C is 89° 15’, angle AC D is 60° 28’, a is 5.0 feet, and the vertical 
angle Z is +29° 44’. Find the difference in elevation between A and B. 
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So_ution.—Angle A DC is equal to 180°—89° 15’—60° 28’=30° 17’. 
Then, by formula 1, 
ae C sin ACD tan Z 


sin ADC 
500 sin 60° 28’ tan 29° 44’ 
ts sin 30° 17’ 
=492.7+5=497.7 ft. Ans. 


+5 


EXAMPLES FOR PRACTICE 


1. The distance between two points M and WN, measured parallel 
to the ground, is 214.69 feet, and the line of sight parallel to the ground makes 
a vertical angle of —11° 33’ from M to N and an angle of +11° 35’ from 
N to M. If the elevation of M is 81.6 feet, what is the elevation of N? 

Ans. 38.6 ft. 

2. The horizontal distance from C to D is 811.6 feet; with the trans- 
verse axis 5.2 feet above the ground at C and the horizontal cross-wire set 
at 4.0 feet on arod held at D, the vertical angle is +2° 56’. If the elevation 
of C is 816.5 feet, what is the elevation of D? Ans. 859.3 ft. 


3. In Fig. 37, the angle bis +7° 51’, the height a is 4.8 feet, the distance 

c is 250 feet, the angle d is +12° 14’, and the height e is 3.6 feet. If the 
elevation of the point A is 37.9 feet, what is the elevation of B? 

Ans. 139.5 ft. 

4, A base line AB has a horizontal length of 400 feet. The transit is 

set up at A with the transverse axis 4.7 feet above the ground; the horizontal 

angle from AB to an inaccessible point C is 87° 45’, and the vertical angle 

between a horizontal line and the line of sight from A to Cis —35° 24’. The 

transit is then set up at B and the horizontal angle A BC is found to be 

65° 30’. If the elevation of A is 1,214.7 feet, what is the elevation of C? 


Ans, 644.7 ft. 


ADJUSTMENTS OF TRANSIT 


51. Conditions of Adjustment.—When a transit is in 
adjustment, the three following conditions are fulfilled: 

1. When the bubbles of the plate levels are in the centers 
of the tubes, the plates are horizontal, the axis of the instru- 
ment is vertical, and the transverse axis of the telescope is 
horizontal. 

2. The line of sight is perpendicular to the transverse axis 
of the telescope, and, therefore, remains in a vertical plane as 
the telescope is rotated on the transverse axis. 
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3. When the bubble of the telescope level is in the center 
of the tube, the line of sight is horizontal and the vertical limb 
reads zero. 

There are five adjustments that must be made in the 
same order as they are described in the following articles. 
An open space which is nearly level and which affords an 
unobstructed sight of about 450 feet should be chosen; and, in 
setting up, the tripod legs should be planted firmly in solid 
ground that is not subject to jars from heavy machinery or 
other causes. 


52. First Adjustment.—First, it is necessary to make the 
axes of the plate levels perpendicular to the vertical axis of the 
instrument in order that, when the bubbles are centered by the 
leveling screws, the axis will be vertical and the plates will 
revolve in a horizontal plane. This adjustment, which is 
substantially the same as for the compass, is performed as 
follows: With the upper clamp set and the lower clamp loose, 
turn the instrument so that each plate level will be parallel to 
the line determined by a pair of opposite leveling screws; then 
bring each bubble to the middle of its tube by means of the 
corresponding pair of leveling screws. Next, revolve the 
instrument on its vertical axis through 180°. If the levels are 
in adjustment, the bubbles will remain in the centers of the 
tubes. If either bubble runs toward one end of the tube, bring 
it half-way back to the center of the tube by means of the 
capstan-headed screw at one end of the tube; then bring the 
bubbles to the centers by means of the levelingscrews. Repeat 
the operation until both bubbles remain in the centers of the 
tubes in both positions of the instrument. 


53. Second Adjustment.—The next operation is to make 
the line of sight perpendicular to the transverse axis of the 
telescope. Set up the transit near the center of the open space, 
as at A in Fig. 39. Then with the telescope normal, sight on 
some well-defined point B, a few hundred feet distant, using 
the point of intersection of the cross-wires. Both plates being 
clamped, plunge the telescope and set another point a few 
hundred feet from the instrument; a mark on a wall or fence 
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is very convenient, or a wide stake can be driven on line and the 
point marked onit. If the line of sight is perpendicular to the 
transverse axis, this point will be at C in the prolongation 
of BA. 

In order to ascertain whether this is the case, unclamp either 
plate, rotate the instrument in azimuth with the telescope still 
reversed, and sight to B again; then plunge the telescope back 
tonormal. If the line of sight strikes the same point as before, 
no adjustment is necessary. If the line of sight does not pass 
through the first point, mark a second point on the same object 
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so that the two points will be very nearly the same distance 
from the instrument. Suppose D is the point set after the 
first plunging and FE is the second point. Then on the line 
between D and E, mark point F, making the distance E F from 
the second point E equal to one-quarter of DE. Move the 
cross-wires by means of the capstan-headed screws on the 
sides of the telescope, as described for the wye level, until the 
line of sight passes through F. For an erecting telescope, 
loosen the screw toward which the image of the wire should be 
moved and tighten the opposite screw; for an inverting 
telescope, loosen the screw away from which the image is to be 
moved and tighten the other. Thus, for the assumed con- 
ditions, loosen the left-hand screw for the erecting telescope 
or the right-hand screw for the inverting telescope. Repeat 
the operations until the line of sight after the second plung- 
ing passes through the point marked after the first sight. 


54. Third Adjustment.—Now the transverse axis of the 
telescope is made perpendicular to the vertical axis of the 
instrument in order that, when the instrument is leveled, 
the transverse axis will be horizontal. This adjustment is 
made best by sighting, with the telescope normal, to some well- 
defined point on a high object such as a church spire. In this 
case, also, the point of intersection of the cross-wires must be 
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used for all sights. Having clamped both plates, depress the 
objective and set a point on the ground in the line of sight and 
as far as possible from the instrument. Unclamp one plate, 
revolve the instrument on its vertical axis, and, with the 
telescope reversed, sight again to the high point. If the line 
of sight passes through the first point on the ground, no adjust- 
ment is required. If the line of sight does not pass through 
the first, set a second point nearit. Suppose that A, Fig. 40, 
is the high point, B is the first point on the ground, and C is the 
second point on the ground. Then mark point D half-way 
between B and C and bring the line of sight to pass through 
the point D by rotating the telescope on the vertical axis. 
Next, point the telescope upwards; the line of 
sight will not pass through A, but will strike to 
one side, say at EF. Finally, bring the vertical wire 
on A by adjusting the capstan-headed screw under- 
neath one end of the transverse axis. I the line 
of sight is to move to the right, as from E to A 
in Fig. 40, lower the right end of the axis or raise 
the left end, keeping the telescope in its reversed 
position; if the line of sight is to move to the 
left, raise the right end or lower the left end. 
Repeat the operation until the line of sight in the 
second position of the telescope passes through 
the point on the ground determined by the first posi- 
tion. Since the vertical cross-wire is in adjust- 
ment, the transverse axis is adjusted in the same 
manner for both an erecting and an inverting 
telescope. In case the position of the transverse axis is 
altered, it is necessary to test again the adjustment of the 
vertical cross-wire. 


55. Supplementary Test.—In order to make the cross- 
wires vertical and horizontal, and thus make it unnecessary 
to bring the point of intersection of the cross-wires on the point 
sighted at, the following test is convenient: Level the instru- 
ment carefully. Then bring one end of the vertical wire on 
some well-defined point, and revolve the telescope on its trans- 
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verse axis so that the point appears to move along the wire. 
If the point does not remain on the wire throughout the motion, 
loosen two adjacent screws and rotate the ring holding the 
wires. Then, repeat the operations. This test should be 
performed after the transverse axis has been adjusted. 


56. Fourth Adjustment.—The line of sight should be 
horizontal when the bubble of the telescope level is centered, 
in order that the transit may be accurate for leveling and for the 
measurement of vertical angles: The adjustment consists of 
two parts; first the horizontal cross-wire is adjusted, and then 
the telescope level is tested. 

To adjust the horizontal cross-wire, set up at a point A, 
Fig. 41, and drive pegs at points B and C ina straight line from 
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A, and respectively about 15 and 200 feet from A in the same 
direction. Clamp the transverse axis of the telescope so 
that the line of sight is about parallel to the ground, and read 
a leveling rod held on the pegs at Band C. Then plunge the 
telescope, revolve the instrument on its vertical axis, and clamp 
the transverse axis so that the horizontal cross-wire cuts the 
same reading on the rod at B as it did before. — If the rod read- 
ing on the peg at C agrees with the reading previously obtained, 
no adjustment is necessary. If the two readings do not agree, 
bring the horizontal cross-wire to read the average of the two 
values by means of the capstan-headed screws on top and 
bottom of the telescope, keeping the telescope itself clamped 
in position. The method of moving the cross-wire is the . 
same as described for a level. 

For the sake of clearness, the conditions are shown greatly 
exaggerated in Fig. 41, and the telescope of the transit is 
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omitted. Suppose that ab represents the theoretical line of 
sight for an instrument in adjustment; cd, the actual line of 
sight for the first position of the telescope, e being the point 
cut on the rod at B; and f g, the line of sight for the second 
position of the telescope, this line being made to pass through e. 
Then the point b, midway between d and g, is marked, and the 
horizontal wire is set on that point by means of the capstan- 
headed screws. 

The adjustment is tested by taking new readings on the rods 
at B and C for the two positions of the telescope. If the read- 
ings at C do not agree yet, the wire must be moved again. The 
operations are repeated as often as necessary. 


57. The telescope level is adjusted by the peg method 
described for the dumpy level. All rod readings are taken with 
the bubble of the telescope level in the center of its tube. 
Suppose the rod readings on the pegs from the first set-up are 
r, and 7, and the rod readings from the second set-up are 
rz and rs. Then if r3—1rg4=11—72, the level is in adjustment. 
If r3—74 is not equal to r1—7e, the corrected value of rs is deter- 
mined as explained in Leveling. ‘The telescope is then rotated 
on its transverse axis so that the horizontal cross-wire reads 
the corrected value of 74; the telescope bubble will, therefore, 
move from the center of its tube. With the telescope clamped 
in that position, the bubble is brought to the center of the 
tube by means of the capstan-pattern nuts l’, Fig. 1. The 
operation is repeated until 73-14 =11—12. 


58. Fifth Adjustment.—The final adjustment is to make 
the vernier of the vertical limb read zero when the line of sight 
is horizontal. Set up the instrument and bring the bubble of 
the telescope level to the center of the tube. Then, if the 
vernier does not read zero, set it to zero by shifting it on the 
standards by whatever means are provided for the purpose. 
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OFFICE WORK IN ANGULAR 
SURVEYING 


LATITUDES AND DEPARTURES 


PRELIMINARY EXPLANATIONS 


1. Introduction.—Office work in angular surveying consists 
of the solutions. of three main problems: (1) balancing a 
survey, or correcting the field measurements to distribute 
unavoidable errors among the courses; (2) plotting the courses 
of a survey; and (3) computing the area of the land bounded 
by a closed traverse. 


2. Reference Axes.—For the purposes of calculating and 
plotting, it is convenient to refer the directions of survey courses 
and the locations of survey points to two lines at right angles 
to each other; these lines are called reference axes. In Fig. 1, 
TT’ and GG’ are reference axes intersecting at the point O. 
Usually, the axis 7 7’ represents either the true or the mag- 
netic meridian through some point of the survey, and the axis 
GG’ is an east-and-west line. If TT’ is not a true or magnetic 
meridian, it is called an assumed meridian. 


3. Latitudes and Departures of Courses.—Ordinarily the 
relative locations of two points are determined by the length 
and direction of the straight line between the points. For 
instance, in Fig. 1, the point Q may be located with respect 
to P by the length and direction of the line PQ. But the 
point Q may also be located from the point P by laying off from 
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P a given distance PD parallel to TT’ and from D a given 
distance DQ parallel to GG’. Thus, one point may be located 
from another by constructing a right triangle, the legs of 
which are parallel to a pair of mutually perpendicular reference 
axes. 

In the case of the courses of a survey, the legs of all the right 
triangles are drawn parallel to the same pair of reference axes. 
For example, in Fig. 1, let TT’ and GG’ represent reference 
axes at right angles to each other, and PQ and P’Q’ two courses 
of a survey. Then, the 
lines PD) OF, PD’, aad 
Q’E’ are drawn parallel to 
the axis 77’, and the 
lines QD, PE, Q’D’, and 
P’E’ are made parallel to 
GG’. In the triangle con- 
structed for a given course, 
the length of the leg par- 
allel to the meridian is 
called the latitude of the 
course and the length of 
the leg at right angles to 
the meridian is the depar- 
ture of the course. In Fig. 
1, PD or £Q is’ the lati- 
tude of PQ, and PE or 
DQ. is, the. departure-of,, PQ... Similarly,’ D! ‘or EB! Q’ Gs 
the latitude of P’Q’, and P’E’ or D’Q’ is the departure 
Ofer Oo. 

The latitude and the departure of PQ are also represented 
by the distances MN and HK. Likewise, M’N’ and H’K’ 
are the latitude and the departure of P’Q’. In other words, 
the latitude of a course is the distance measured along the 
meridian, between lines drawn through the ends of the course 
at right angles to the meridian; the departure of a course is the 
distance measured along a line perpendicular to the meridian, 
between lines drawn through the ends of the course parallel 
to the meridian. 
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Latitude is sometimes called latitude range or latitude dif- 
ference, and departure is sometimes referred to as longitude 
range or longitude difference. 


4. Signs of Latitude and Departure.—In order to indicate 
the direction of a course with respect to a pair of reference axes, 
positive and negative quantities are used. If the bearing of a 
course with respect to the reference meridian is northeast or 
northwest, the latitude of the course is considered positive 
and is called a northing. If the bearing of a course is south- 
east or southwest, the latitude is negative and is known as a 
southing. For instance, in Fig. 1, the latitude of PQ is 
+M WN or simply MN, and the latitude of P’Q’ is —M’'N’. 

If the bearing of a course is northeast or southeast, the 
departure of the course is assumed to be positive, and is 
designated as an easting. If the bearing of a course is north- 
west or southwest, its departure is negative and is called a 
westing. Thus,in Fig. 1, the departure 
of PQ is HK and the departure of P’Q’ 
is —H'K’. 


B 


COMPUTATIONS INVOLVING LATITUDES 
AND DEPARTURES 


5. General Formulas.—In Fig. 2, let 1 
AM represent the direction of a refer- 
ence meridian; MB, a line at right 
angles to the meridian; AB, a given 
course; and G, the angle that the course 
makes with the meridian. Then, from 4 
trigonometry, 

AM=AB cosG, and MB=AB sinG 


But AM may be considered as the latitude of the course, and 
MB, its departure. Thus, the latitude and the departure ofa 
course may be found by the following rules: 
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Rule I.—The latitude of a course is equal to the product of the 
length of the course and the cosine of the angle between the meridian 
and the course. 
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Rule II.—The departure of a course is found by multiplying 
the length of the course by the sine of the angle that the course makes 
with the meridian. 


In general, let 
1=length of course; 
G=angle between meridian and course: 
t=latitude of course; 
g=departure of course. 
Then, 
t=) cosG (1) 
g=lsinG (2) 
When the latitude and the departure of a course are given, 


the angle between the meridian and the course, and the length 
of the course can be computed by the following formulas: 


tan G=" (3) 
nets 

sin G (4) 
t 

si (5) 


l= Ve+e (6) 
These relations hold good for any direction of the course 


aid also apply whether the angle G is given by a bearing or 
by an azimuth. 


6. Given Length and Bearing.—In the case of bearings, the 
angle between the meridian and a course is always given as 
less than 90°. Hence, the functions of G are readily found. 
The numerical values of ¢ and g may then be calculated by 
formulas 1 and 2, Art. 5. They should contain the same 
number of decimal places as the given value of |. The signs of 
t and g are determined from the quadrant of the bearing by 
the following rules: 


Rule I.—[f the bearing is northeast, both the latitude and the 
departure are positive. 
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Rule II.—If the bearing is southeast, the latitude is negative 
and the departure is positive. 


Rule WI.—/f the bearing ts southwest, both the latitude and 
the departure are negative. 


Rule IV.—If the bearing is northwest, the latitude ts positive 
and the departure 1s negative. 


It is a common mistake to reverse the latitude and the 
departure. This will be avoided, or easily detected, if it is 
kept in mind that for angles less than 45°, the cosine is greater 
than the sine, and for angles greater than 45°, the sine is greater 
than the cosine. Therefore, for bearings less than 45°, the 
latitude of a course is greater than its departure; and for 
bearings greater than 45°, the departure is greater than the 
latitude. It is obvious that the latitude of a north-and-south 
line is equal to the length of the line, and its departure is 
zero; likewise, the departure of an east-and-west line is equal 
to the line itself, and the latitude is zero. It will be noticed 
that the latitude and the departure depend only on the direc- 
tion of the meridian. They are, therefore, the same for any 
pair of axes that are parallel and perpendicular to the meridian. 


EXAMPLE.—The length of a course is 896.7 feet and its bearing is N 39° 
15’ W;; find the latitude and the departure. 


SoLuTION.—Here /=896.7 and G=39° 15’... Then, by formulas 1 and 
2, Art. 5, the numerical values of ¢ and g are 


t=896.7 cos 39° 15’ 
g=896.7 sin 39° 15’ 


If natural functions are used, 


t=896.7 X.77439 = 694.4 ft. 
g=896.7 X .63271 = 567.4 ft. 


Since the bearing of the course is northwest, rule IV is used for determining 
the signs of ¢ and g; thus, ¢ is positive and g is negative. The latitude is, 
therefore, 694.4 ft. and the departure is —567.4 ft. Ans. 

Unless the numbers are comparatively easy to multiply, it is preferable 
to use logarithms. The logarithmic work is conveniently arranged by 
writing the logarithm of the length with the logarithmic sine of the bearing 
above it and the logarithmic cosine of the bearing below it; then the addi- 
tion is performed upwards in one case and downwards in the other. In 
this problem the work will appear as follows: 
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log g=2.75385 g=567.4 ft. 


log sin 39° 15’=9.80120 
log 896.7 =2.95265 
log cos 39° 15’=9.88896 


log t=2.84161 ¢=694.4 ft. 


The signs of ¢ and g are found by applying rule IV. Thus, '=694.4 ft. 
and g= — 567.4 ft. Ans. 


7. Given Length and Azimuth.—When the angle between 
the meridian and a course is given by the azimuth of the 
course, the angle may be greater than 90°. In this case, the 
latitude and the departure may be determined in two ways. 

In one method, the azimuth is changed to a corresponding 
bearing, and the latitude and the departure are then computed 
from the length and the bearing of the course. The various 
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conditions are shown in Fig. 3. Let NS represent the merid- 
ian; AB, a given course; Z, its azimuth; Z’, its bearing; l, its 
length; t, its latitude; and g, its departure. In (a), the azimuth 
is less than 90°; thus, the bearing is northeast and the angle is 
also equal to Z. In (b), the azimuth is between 90° and 180°; 
for this case, the bearing is southeast and the angle Z’ is 
180°—Z. In (c), the azimuth is between 180° and 270°; the 
bearing is southwest and the angle Z’ is Z—180°. In (d), the 
azimuth is between 270° and 360°; here, the bearing is north- 
west and the angle Z’ is 8360°—Z. In each case the latitude 
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and the departure with the proper signs may be determined as 
explained in the preceding article. 

In the second method, the latitude and the departure are 
calculated directly from the length and the azimuth by apply- 
ing the principles of trigonometry. In Fig. 4, the plane around 
the point O is divided into quadrants by the meridian NS and 
the east-and-west line EW. When azimuths are considered, 
the northeast quadrant NOE is the first quadrant; the south- 
east quadrant EOS, the second; the southwest quadrant SOW, 
the third; and the northwest quadrant WON, the fourth. 
Thus, the course OA, the 
azimuth Z,; of which is less 
than 90°, is in the first 
quadrant; the course OB, 
having an azimuth Z2 be- 
tween 90° and 180°, is in 
the second quadrant; the 
azimuth Z; of OC is between ” 
180° sand 270°, and the 
course is in the third quad- 
rant; and, since the azi- 
muth Z, of OD is between 
270° and 360°, the course 
is in the fourth quadrant. 
Although this method of 
numbering the quadrants differs from that adopted in trig- 
onometry with regard both to the starting line and to the 
direction in which the numbers increase, the functions of 
angles have the same signs in both systems because distances 
to the right and distances upwards are considered as positive 
in each case. The values of ¢t and g for the conditions shown 
in Fig. 3 will now be determined by trigonometry. 

In (a), the course AB is in the first quadrant and the angle Z 
is acute; sin Z and cos Z are both positive, and, therefore, the 
latitude and the departure of AB are also positive. In (6), 
AB is in the second quadrant, and the acute angle from which 
the functions of Z are derived is equal to Z’=180°—Z. Then, 
sin Z=sin (180°—Z’)=sin Z’, and cos Z=cos (180°—Z’) 
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= —cos Z’: consequently, the departure is positive and the lati- 
tude is negative. In (c), A B is in the third quadrant and 2’ 
=Z—180°. In this case, sin Z=sin (180°+2Z’) = —sin Z’, and 
cos Z=cos (180°+2Z’) = —cos Z’; the latitude and the depar- 
ture are both negative. In (d), AB isin the fourth quadrant 
and Z’=360°—Z. Here, sin Z=sin (360°—Z’)=-—sin 2’, 
and cos Z=cos (360°—Z’) =cos Z’; therefore, the latitude is 
positive and the departure is negative. 

The calculations in both methods are practically the same 
but the reasoning is slightly different; it is unimportant which 


C 


is used. As in the case of bearings, the number of decimal 
places in the values of t and g should be taken the same as in 
the given length. 


EXAMPLE.—Find the latitude and the departure of a course having a 
length of 431.45 feet and an azimuth of 231° 9’. 


SOLUTION BY BEARINGS.—Since the azimuth is between 180° and 270°, 
the bearing is southwest. Hence, the latitude and the departure are both 
negative. The angle G is equal to 231° 9’—180°=51° 9’. Then, by 
formulas 1 and 2, Art. 5, 


t=/ cos G=431.45 cos 51° 9’ = 270.64 ft 
g=l sin G=431.45 sin 51° 9’=336.01 ft. 
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Therefore, the latitude is — 270.64 ft. and the departure is — 336.01 ft. Ans. 
It will be noticed that the departure is greater than the latitude because 
G is greater than 45°. 


SOLUTION By TRIGONOMETRY.—The course lies in the third quadrant 
and the acute angle from which the functions of the given angle are derived 
is equal to 231° 9’-180°=51° 9’. Thus, sin 231° 9’=sin (180°+51° 9’) 
= —sin 51° 9’ and cos 231° 9’=cos (180°+51° 9’) = —cos 51°9’. Then, by 
formulas 1 and 2, Art. 5, 

t=1 cos 231° 9’= —431.45 cos 51° 9’ = — 270.64 ft. Ans. 
g=l sin 231° 9’= — 481.45 sin 51° 9’= — 336.01 ft. Ans. 


8. Values for Survey Courses.—The latitudes and the 
departures of the courses of the transit survey shown in Fig. 5, 
with other necessary data, are recorded in Table I. In the 
first three columns are given the courses, the azimuths, and 


TABLE I 
LATITUDES AND DEPARTURES 
Latitude Departure 
Course Azimuth Length 
N iS) E WwW 
AB 8° 51’ 659.43 651.59 101.45 
BG 70° 42’ 897.46 296.62 847.02 
(CID) 132° 45’ 594.01 403.22 436.20 
Dia, iL 7AQ? eh 628.37 619.79 103.53 
EF 228° 36’ 387.52 256.27 290.68 
FG Bao Oo 547.55 499.89 223.44 
GA 2GO0- te: 988.99 168.05 974.60 


the lengths, which are copied from the field notes. In the 
fourth and fifth columns are the latitudes of the courses, and’ 
in the last two columns are the departures. In order to avoid 
confusion of signs and also for convenience in balancing the 
survey, the northings and the southings are placed in separate 
columns; similarly, the eastings and the westings are separated. 


9. Given Latitude and Departure, To Find Length and 
Direction.— Frequently, the latitude and the departure of a 
course are known and it is required to determine the length. 
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and the bearing or azimuth of the course. If the values of ¢ 
and g are easy to square or if the direction is not needed, the 
length may be found conveniently by formula 6, Art. 5, 
which is 7= v#-+-g2. In other cases, the angle G is found first 


; ‘ ws . 3 
by formula 3, which is tan eas then / is determined from 


. . ; g ; : 
either formula 4, which is ]=----<, or formula 5, which is 
Sin & 
t 
cosG- 


When formula 3 is used, the value of the acute angle G is 
first computed by temporarily disregarding the signs of ¢ and 
g, that is, by considering that both are positive. Then the 
quadrant in which the course lies is determined by considering 
the given signs of ¢ and g and applying the following rules: 


Rule I.—/J/f ¢ and g are both positive, the bearing ts northeast, 
and the asimuth ts equal to G. 


Rule II.— Jf g is positive and t ts negative, the bearing is 
southeast, and the asimuth ts equal to 180°—G. 


Rule II.— Jf ¢ and g are both negative, the bearing ts south- 
west, and the azimuth ts equal to 180°-+G. 


Rule IV.—/f ¢ ts positive and g ts negative, the bearing ts 
northwest, and the asimuth is equal to 860°—G. 


In formulas 4, 5, and 6, the signs of g and # are unimportant 
since the length of the course is always considered positive. 
When an angle is small, a little difference in the value of the 
angle has practically no eftect on the cosine but changes the 
sine considerably. Therefore, for values of G less than 20°, 
formula 5 is more accurate than formula 4. On the other 
hand, for angles near 90°, a small difference in the value of the 
angle affects the cosine much more than the sine. Conse- 
quently, when G is greater than 70°, formula 4 is to be used 
rather than formula 5. For values of G between 20° and 70°, 
formula 4 or formula 5 may be employed. 

When the given latitude and departure are measured to 
hundredths of a foot, it is sufficiently accurate to take G 
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to the nearest minute. If the given distances are to thousandths 
of a foot, G should be taken to the nearest 10 seconds. In any 
case, the number of decimal places in the calculated length 
should be taken the same as in the given latitude and depar- 
ture. 


EXAMPLE 1.—The latitude and the departure of a course are, respec- 
tively, —18.71 chains and 9.38 chains. What are the bearing and the 
length of the course? 


SoLuTION.—To find G, disregard the signs of g and tand use formula3, 
Art. 5. In this case, g is 9.38 and ¢ is taken as 13.71, the negative sign 
being neglected temporarily. Then, 


g 9.38 
==—— , atid G=34° 23’ 
Sepia aaa 
By rule II, the bearing is southeast, because t is negative and g is positive. 
Hence, the bearing is S 34° 23’ E. Ans. 
Finally, by formula 4, Art. 5, 
g 9.38 


tan G= 


=— => =16.61 ch. Ans. 
sinG sin 34° 23’ 
The logarithmic work is as follows: 
log 9.388=0.97220 log 9.38 =0.97220 
log 13.71 =1.13704 log sin 34° 23’=9.75184 
log tan G=9.83516 log /=1.22036 
GS DRY 1=16.61 ch. 


First, the difference between the logarithm of 9.38 and the logarithm 
of 13.71 is the logarithmic tangent of G, from which G is determined. At 
the same time that G is taken out of the table, its logarithmic sine is 
obtained. It is subtracted from the logarithm of 9.38 to get the logarithm 
of J. For the purpose of finding /, Gis taken to the nearest minute; however, 
in a compass survey, where bearings are estimated to the nearest 5 minutes, 
the bearing of the line would be given as S 34° 25’ E. 


ExampLe 2.—The latitude of a course is +125.04 feet and the departure 
is —216.81 feet; find the azimuth and the length. 


SoLuTION.—By formula 3, Art. 5, 
tan (eS and G=60° 2’ 
125.04 
Since # is positive and g is negative, rule IV applies; hence, the azimuth 
is 360°—60° 2’=299° 58’. Ans. 
By formula 4, Art. 5, 


216.81 
(paps ee = 250.26 ft. Ans. 
sinG sin 60° 2’ 
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The logarithmic work is as follows: 


log 216.81 = 2.33608 
log 125.04 = 2.09705 


log tan G=0.23903 
G— G02: 


log 216.81 =2.33608 
log sin 60° 2’= 9.93768 


log 1=2.39840 
1 =250.26 ft. 


10. Total Departures and Total Latitudes.—In the fore- 
going articles, the lengths of the courses of a survey and their 
directions with respect to reference axes are given by means 
of departures and latitudes. 


bg 
Reference axes are also 
i used for the purpose of 
pie mee owe t locating the points of a 


survey. In Fig. 6, the point 
A may be located by the 
distance CA perpendicular 
to the meridian TT’ and 
the distance DA perpen- 
dicular to the axis GG’. 
The perpendicular distance 
from the meridian to a 
point is called the fotal 
chars departure of the point, and 
the perpendicular distance 
from the east-and-west axis to the point is its total latitude. 
Thus, the total departure of B is the distance EB perpendicu- 
lar to TT’, and the total latitude of B is the distance F B 
perpendicular to GG’. 

The total latitude and the total departure of A are also equal 
to the distances OC and OD, respectively; and the values for 
BareOEandOF. That is, the total latitude of a point is the 
distance measured along the meridian from the intersection of 
the reference axes to the foot of the perpendicular from the 
point to the meridian. The total departure of a point is 
the distance measured along the east-and-west axis from the 
intersection of the axes to the foot of the perpendicular from 
the point to the axis. 

Th: departure and latitude of a course are distances parallel 
to the reference axes; and the total departure and total 
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latitude of a point are also distances parallel to the axes. 
It must be kept in mind, therefore, that the terms departure 
and latitude refer to a line, whereas total departure and total 
latitude refer to a point. 

The total departure is said to be east or west according as 
the point is east or west of the meridian; the total latitude is 
north or south according as the point is north or south of the 
east-and-west axis. North total latitudes and east total 
departures are considered positive, and south total latitudes 
and west total departures are negative. In Fig. 6, the total 
latitude of A is OC or DA, and that of B is —OE or —FB; 
the total departure of A is OD or CA, and the total departure 
of Bis —OF or —EB. 


11. Determination of Total Latitudes and Total Depar- 
tures.—For computing the total latitudes and the total 
departures of the points of a survey, the reference axes are 
chosen through some corner of the survey; both values for 
this point are, therefore, equal to zero. For example, in Fig. 7, 
the axes GG’ and TT’ Pa 
pass through the corner 
A; the total latitude and 
the total departure of A 
are then equal to zero. 
The total latitude of the 
point B is EB, which is © 
equal to the latitude of 
the course AB. The 
totalolatitade of. the 
point C is HC, which is 
equal to HK+ KC; but Tr" 
since HK is equal to 
E B.or the total latitude of the point B, and KC is the latitude 
of the course BC, the total latitude of C is equal to the total 
latitude of B plus the latitude of the course BC. The total 
latitude of D is — LD, which may be considered as equal to HC 
—CM,;; thus, the total latitude of D is equal to the total lati- 
tude of C minus the latitude of CD” The total departure of 
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a point can be found in a similar manner. The computations 
may, therefore, be made by applying the following rules: 


Rule I.—The total latitude of a point 1s equal to the total 
latitude of the preceding point plus or minus the latitude of the 
course between them. If the latitude of the course 1s a northing, 
it is added; and if it is a southing, its numerical value 1s sub- 
tracted. 


Rule II.—The total departure of a point is equal to the total 
departure of another point plus or minus the departure of the 
course between them. If the departure of the course 1s an easting, 
it is added; and tf tt 1s a westing, it 1s subtracted. 


The following rules for addition and subtraction will be 
helpful: 

Rule III.— Jf both numbers have the same sign, add the 
numerical values and prefix the common sign. 


Rule IV.— If the numbers have different signs, subtract the 
smaller numerical value from the larger and prefix the sign of 
the larger. 


For example, according to rule III, +34+2=+5 and —4—6 
=—10. By rule IV, +5—38=+4+2, —3+6=-+3, and +5—6 
=—1. 

Computations for determining total latitudes and total 
departures are shown in the following example. In all cases, 
it is advisable to make a diagram of the conditions. 

Examp_Le.—The latitudes and the departures of the courses in Fig. 8 


are given in the following table. Find the total latitudes and the total 
departures of B, C, D, and E with respect to axes GG’ and TT’ through A. 


Course Latitude Departure 
AB +216 +153 
BG: — 97 +271 
GD — 244 — 59 
DE —100 —500 


SOLUTION.—The total latitude and the total departure of A are evi- 
dently equal to zero. 
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The total departure of B is, by rule II, equal to the total departure of A 
plus the departure of A B, or 0+153=153. Ans. 

The total departure of C is equal to the total departure of B plus the 
departure of BC, or 158+271=424. Ans. 

The total departure of D is equal to the total departure of C minus the 
departure of C D, or 424—59=365. Ans. 

The total departure of E is equal to the total departure of D minus the 
departure of DE, or 365—500. The difference between the numerical 
values is 500—365 = 135; since the larger number has a negative sign, the 
result is —135. Ans. 


This negative sign indicates that E is west of the meridian through A. 
The total latitudes are found in a similar manner by applying rule I. 


Hor 3B, 0=-216—= 2165) Ans: 

For C, 216—97=119. Ans. 

For D, 119—244=—125. Ans. 
For EH, —125—100= —225. Ans. 


The negative signs for D and E indicate that these points are south of A. 


12. In order to compute the total latitude and the total 
departure of FE, Fig. 8, by the preceding method, it was neces- 
sary to determine the 
values for the points B, 
Candee) <aicoum Otten, R 
the locations of these 
intermediate points are C 
not needed. In such a 
case, it is more conve- @¢ A G 
nient to apply the follow- 
ing rules: 


Rule I.—To find the 
total latitude of any point, 
take the sum of the north- 
ings and the sum of the 
southings of the courses 
between the starting point 
and the point in question; find the difference between these sums. 
If the northings exceed the southings, add this difference to the 
total latitude of the starting point; if the southings are greater 
than the northings, subtract the difference from the given total 
latitude. 


T 


T 
Fic. 8 
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Rule II.—To find the total departure of a point, take the 
difference between the sum of the eastings and the sum of the 
-westings. Add the difference to, or subtract it from, the total 
departure of the starting point according as the eastings or the 
westings are greater. 


EXAMPLE.—Using the values given in the example in Art. 11, find the 
total latitude and the total departure of E with respect to axes through A. 


SoLuTION.—The only northing is 216, and the sum of the southings is 
97+244+100=441. The difference between these sums is 441 —216 = 225. 
Since the southings are greater than the northings, the difference is sub- 
tracted from the total latitude of A, which is zero. Hence, the total lati- 
tude of E is O—225= —225. Ans. 

The sum of the eastings is 153+271=424, and the sum of the westings 
is 59+500=559. The difference between the sums, which is 559—424 
=1385, is subtracted because the westings are greater. Hence, the total 
departure of E is O—135=—135. Ans. 


13. Latitude and Departure of Line From Total Latitudes 
and Total Departures of Its Ends.—In many cases, the total 
latitudes and the total 

7 departures of two points 

are known, and it is 
required to find the lati- 
tude and the departure 
of the course between 
the points. For these 
calculations, the follow- 
ing rule may be applied: 


Rule.— The latitude, or 
the departure, of a course 
1s equal to the difference be- 
tween the total latitudes, or 
the difference between the 

ie total departures of the 
extremities of the course. 

For example, in Fig. 9, the latitude of the course AB is equal 
to the total latitude of B minus the total latitude of A; that is, 
CD=OD—OC. Similarly, the latitude of the course A’B’ is 
equal to the total latitude of B’ minus the total latitude of A’; 
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or C’D’=OD’—OC". To find the latitude of a course one end 
of which is north of the reference axis and the other end of 
which is south of the axis, the negative sign of one of the values 
must be considered. Thus, to determine the latitude of AA’ 
by the preceding rule, the total latitude of A is taken as +OC 
and that of A’as —OC’. Their difference may then be indi- 
cated as OC—(—OC’). The rule for subtracting a negative 
number from a positive one is to change the sign of the sub- 
trahend and add it to the minuend. Hence, OC—(—OC’) 
=OC+0C’. Since OC+0C’ is equal to CC’, which is the 
latitude of AA’, the foregoing rule applies to this condition 
also. 

The departure of a course may be found in a similar manner. 
For instance, the departure of AB is equal to OF—OE; the 
departure of A’B’ is equal to O F’—OE’; and the departure of 
AA’ is OE—(—OE’) =OE+0E’. 

When the reference axes pass through one end of a course, 
the total latitude and the total departure of this end are zero 
and the latitude and the departure of the course are equal, 
respectively, to the total 
latitude and the total 
departure of the other 
end of the course. 


T 


14. In the preceding 
article, the numerical « 
values of the latitude 
and the departure of a 
course were found, but 
the direction of the 
course was not consid- 
ered. This is determined 
by inspection of the given values for the ends of the course 
or by means of a sketch showing the relative positions of the 
ends. 
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EXAMPLE 1.—In Fig. 10, the total latitude and the total departure of 
the point A are, respectively, 28 and —85; and, for the point B, the total 
latitude is —114 and the total departure 66. Find the latitude and the 
departure of the course A B. 
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SoLuTIon.—The difference between the total latitudes of A and B is 
28—(—114) =28+114=142. Since B is evidently south of A, the lati- 
tude of AB is a southing and is, therefore, —142. Ans. 

The difference between the total departures of A and B is 66—(—85) 
=66+85=151. In this case B is east of A and the departure of ABis an 
easting. Hence, its valueis 151. Ans. 


tse 
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EXAMPLE 2.—In Fig. 11, A and B are two points on opposite sides of a 
hill, between which it is necessary to construct a tunnel for a railroad. In 
order to locate a straight line from A to B, the random survey ACDEB 
was run around the hill. From the field notes given in the following 
table, compute the length and the azimuth of A B. 


Course Length Azimuth 
AC 122.14 121° 45’ 
CP 118.60 58° 10’ 
DE 120.48 103° 20’ 
EB 136.91 BBY be sy 


SoLUTION.—First, the azimuths are changed to bearings and the lati- 
tudes and the departures of the courses are computed. The results are 
tabulated as follows: 


Latitude Departure 
Course Length Bearing 
N iS) E WwW 
ANG} 9122.14 SOS aoa: 64.27 | 103.86 
CD | 118.60 N 58° 10’ E 62.55 HN ALO00276 
DE | 120.48 S 76° 40’ E 20190) L723 
#.B | 136.91 | N 25° 577 W | 123.10 59.91 


The reference axes are taken through A. The sum of the northings is 
62.55+123.10=185.65; of the southings, 64.27+27.79=92.06; of the 
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eastings, 103.86+100.76+117.23 =321.85; and of the westings, 59.91. 
The difference between the northings and the southings is 185.65—92.06 
= 93.59; the total latitude of B is, therefore, +93.59. Similarly, the total 
departure of B is 321.85—59.91=261.94. Since the total latitude and the 
total departure of A are equal to zero, the latitude of AB is equal to the 
total latitude of B and the departure of AB is the total departure of B. 
Thus, the latitude ¢t of AB is +93.59 ft. and its departure g is +261.94 ft. 
Then, by formula 3, Art. 5, 

g 261.94 
t 


~ 93.59 


Since both g and ¢ are positive, the azimuth of AB is equal to G, or 
70°20’. Ans. 
By formula 4, Art.5, 
gu oLot 


~sinG sin 70° 20’ 


tan G= 


, whence G=70° 20’ 


= 278.16 ft. Ans. 


EXAMPLES FOR PRACTICE 


1. In the second and third columns of the following table are the 
lengths and the azimuths of the courses in the first column. (a) Compute 
the latitudes and the departures of the courses and compare the results with 
those given in the fourth and fifth columns. (b) Assuming the reference 
axes to pass through A, determine the total latitude and the total depar- 
ture of each corner; the values are given in the last columns. 


Course] Length Azimuth Latitude Departure ne Melon e hoe 
AB | 638.85 | 35° 16’ | +521.60 | +368.86 | B | +521.60|+ 368.86 
BC | 943.32 | 119° 43’ | —467.62 | +819.26 | C | + 53.98 | +1,188.12 
CD | 719.98 | 171° 58’ | —712.92 | +100.62 | D | —658.94 | +1,288.74 
DE | 620.20 | 260° 38’ | —100.94 | —611.93 | E | —759.88 |+ 676.81 
EF | 649.07 | 352° 56’ | +644.14 | — 79.85 | F | —115.74/}-+ 596.96 


2. Determine (a) the feaaie and (b) the azimuth of the line from A to 

F in example 1. jee J@ 608.05 
"L (2) 100° 58’ 
3. The latitude of a course is —317 feet and its departure is 425 feet. 
Determine (a) the length and (b) the bearing of the line to the nearest five 

minutes. rete es 530 ft. 

@) SBP Uy? 18 
4, Find the latitude ¢t and the departure g of the line from C to Ein 
example 1. fs a —813.86 
— 511.31 
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BALANCING SURVEYS 


ERROR OF CLOSURE 


15. Total Error of Closure.—If the lengths and the bear- 
ings of all the courses of a survey were measured with absolute 
exactness, and those measurements were plotted with equal 
accuracy, the courses of a survey that starts and ends at the 
same point would form a closed polygon. However, no matter 
how carefully a survey is made, all sources of error cannot be 
entirely eliminated. Therefore, if the courses are plotted 
according to the field measurements, the end of the survey 
never coincides exactly 
with the starting point. 
In Fig. 12, ABCDEA, 
is the plot of a closed 
traverse made accord- 
ing to the recorded field 
notes... The‘star ting 
point A and the end A; 
represent the same point 
on the ground but do 
not coincide on the map 
because of errors in the 
work (the distance be- 
tween A and Aiis shown 
exaggerated for clear- 
ness). The length of 
the line joining the beginning of the first course of a closed 
traverse and the end of the last course determined by the field 
measurements is called the total error of closure. In Fig. 12, 
the length of AA, is the total error of closure. 
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16. Relative Error of Closure.—It is to be expected that 
in long surveys the total error of closure will be greater than in 
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short surveys, if the same precautions are taken in both cases. 
Therefore, the total error of closure does not indicate the rela- 
tive degrees of accuracy of two surveys of different lengths. 
As a basis for determining the degree of accuracy of a survey 
of any length, the error should be reduced to the amount in a 
unit length. Thisis found by dividing the total error of closure 
by the total length of the courses of the survey, and is called 
the relative error of closure. For example, if the sum of the 
lengths of the courses is 3,575 feet and the total error of 
2.5 1 
Se Ole ee 
3,575 1,430 
The relative error of closure is commonly expressed as a frac-: 
tion having a numerator equal to unity, or as a ratio such as 
1 in 1,480, although it is sometimes given as a decimal, such as 
.0007. In an ordinary compass survey, the relative error of 


closure is 2.5 feet, the relative error of closure is 


1 
closure should be less than 300° and in ordinary transit work 


it should be not greater than In some cases, the limit 


1 
5,000 


1 
is ————, and in very accurate work, the error should be less 
10,000 


than 


20,000 


17. Formulas for Error of Closure.—In Fig. 12, let the 
line TT’ represent the meridian through A, and GG’ the east- 
and-west reference axis. Draw A,H parallel to T7’. Then 
the total latitude of A, which is HA,, is equal to the difference 
between the sum of the northings and the sum of the south- 
ings of the courses. The total departure of Ai, whichis AH, 
is equal to the difference between the sum of the eastings and 
the sum of the westings. 

From the right triangle AH Ai, 


aN eae 
Let E=total error of closure; 


S, = difference between sums of northings and southings; 
S, =difference between sums of eastings and westings. 
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Then, E=VS2+S8? (1) 
Also, let e=relative error of closure; 
S,=sum of lengths of courses. 
Then, a= ee (2) 
Si 


In Fig. 12, the reference axes were taken through A but 
formula 1 is true for any positions of the axes. 


18. Determination of Error of Closure.—The calculations 
for finding the error of closure from the notes in Table I will 
be given for illustration. The sum of the northings is 651.59 
+296.62+499.89 = 1,448.10; of the southings, 403.22+619.79 
+256.27+ 168.05 = 1,447.33; of the eastings, 101.45-+847.02+ 
436.20+ 103.53 = 1,488.20; and of the westings, 290.68 + 223.44 
+974.60=1,488.72. The difference between the northings 
and the southings is S,;=1,448.10—1,447.833=0.77 foot; and 
the difference between the eastings and the westings is S, 
= 1,488.72 —1,488.20 =0.52 foot. The total error of closure is, 
therefore, 


E= VS2+S2= V.77-+.52?=.93 foot 

The sum of the lengths of the courses is S;=4,703.33, say 

4,703, and the relative error of closure is 
ire 03 1 
aS aol Ocean a OD 

19. In computing the error of closure for a survey, only 
the courses that form boundaries of the field should be con- 
sidered; lines locating objects, or courses that were taken for 
reference, should be omitted. On the other hand, the courses 
_ considered must form a closed figure in the field. 

If the error of closure is very small, say less than 1 in 20,000, 
it may be disregarded and the measurements assumed to be 
correct. If the error of closure indicates that the work is 
sufficiently accurate but not very exact, the field measurements 
are corrected to eliminate the error and thus balance the 
survey. If the error of closure is greater than the allowable 
value for the kind of work, the measurements and the calcula- 
tions should be checked to locate any mistakes. 
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EXAMPLE FOR PRACTICE 


The field notes and the calculated latitudes and departures for a survey 
follow. Determine (a) the total error of closure and (b) the relative error 
of closure. 


Course Length Azimuth Latitude Departure 
AB 638.85 30. 1G’ +521.60 +368.86 
BG 943.32 Oma S? — 467.62 +819.26 
CD 719.98 DS" — 712.92 + 100.62 
DE 620.20 260° 38’ — 100.94 — 611.93 
EF 649.07 Bye aay +644.14 — 79.85 
FA 607.36 280° 57’ +115.37 — 596.30 

(a) .76 
nS { (b) .00018 


METHODS OF BALANCING 


20. Explanation.—In Fig. 12, A and A; represent the same 
point on the ground. Hence, in a closed traverse the sum 
of the northings of the courses should equal the sum of the 
southings, and the sum of the eastings should equal the sum of 
the westings. In order to make each of the values, S; and Sy, 


in the formula E= VS?+S,? equal to zero, and thus reduce 
the error of closure to zero, it is necessary to revise the notes. 
The adjustment, which consists of applying corrections to the 
latitudes and the departures of the courses, is called balancing 
the survey, although it might be called balancing the notes. 


21. Correcting Measurements.—There are two general 
methods of correcting the measurements of the courses. One 
is based on the fact that the chances of error are greater in 
making a difficult measurement than in making one under more 
favorable conditions. In the other method, it is assumed that 
all lines are measured under similar conditions. For ordinary 
surveys, the second method is usually preferred, as it is con- 
sidered an unnecessary refinement to apply the first method. 


22. Transit and Compass Methods.—In a transit survey, 
it is commonly assumed that the instrument work and the 
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chaining are done with equal accuracy, but in a compass 
survey the angular error is necessarily larger than that per- 
missible in transit work. Therefore, the method of balancing 
for a transit survey differs from that for a compass survey. 


23. Angular Error.—In a transit survey, it is customary 
to test the accuracy of the instrument work before an attempt 
is made to balance the survey. The error in the measurement 
of the angles of a closed traverse is determined as follows: 

If the method of direct angles is employed, the measured 
angles are the interior angles of a polygon, and, therefore, their 
sum should be equal to 180° (1 — 2), in which 1 is the number 
of courses in the traverse. Thus, the sum of the interior angles 
of a field having six sides should be 180°X(6--2) =720°. 
If the sum of the measured angles is 720° 1’, the angular error 
is 1 minute or 60 seconds. 

If the method of deflection angles is used, the difference 
between the sum of the deflections to the right and the sum of 
the deflections to the left should be equal to 360°. The amount 
by which the actual difference varies from 360° is the angular 
error. 

If the method of azimuths is used, the azimuth of one course 
is found both at the beginning and at the end of the survey; 
the second value should agree with the first. Thus, in Fig. 7, 
the azimuth of A D may be determined from A when the survey 
is started and then the azimuth of DA may be found when the 
transit is set at D. The back azimuth of DA should be equal 
to the azimuth of A D; the difference between the two values is 
the angular error. 

The allowable angular error is generally assumed to be 
proportional to the square root of the number of angles 
measured. 

Let Eq=total allowable angular error; 

N=number of angles measured; 
€a=allowable error in one angle. 

Then, Eq=ea VN 

The value of eg may be taken as about one-half of the least 
reading of the transit vernier. 
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If the actual angular error is not much greater than the allow- 
able error, the transit work may be assumed to be correct. 
Nevertheless, some of the angles are corrected so that no 
angular error remains. The angles where errors probably 
occurred can usually be determined by inspection of the survey. 
In other cases, the errors should be assumed to be in the angles 
adjacent to short lines, since any error in sighting or setting up 
causes a greater angular error when the sides of the angle are 
short than when they are long. 

If the actual error exceeds the total allowable error by more 
than 1 or 2 minutes, the angles must be measured again to get 
more accurate results. It is, therefore, advisable to test the 
accuracy of the transit work while the party is yet in the field. 


24. Balancing Transit Surveys.—After the angles of a 
transit survey have been adjusted, the latitudes and the 
departures of the courses are corrected. The corrections to 
be applied are determined by the following formulas: 


St 
=i 
Ct OR. (ab 
S 
= EXE (2) 


in which t=latitude of course; 
¢:=correction to latitude; 
S,= difference between sum of northings and sum of 
southings of courses of survey; 
R,=sum of numerical values of northings and south- 
ings; 
g=departure of course; 
C,=correction to departure; 
S,=difference between sum of eastings and sum of 
westings; 
R,=sum of numerical values of eastings and westings. 
If the northings exceed the southings, the corrections are to 
be subtracted from the north latitudes and added to the south 
latitudes; if the southings are greater, the corrections are 
added to the north latitudes and subtracted from the south 
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latitudes. Similarly, if the eastings are greater than the 
westings, the corrections are subtracted from the east depar- 
tures and added to the west departures; if the westings are 
greater, the corrections are added to the east departures and 
subtracted from the west departures. 

The lengths and the azimuths of the courses to be used in the 
description of the survey are calculated from the corrected 
latitudes and departures. Occasionally, the azimuth of a 
course is changed again by the changes in the latitude and the 
departure but, usually, the direction of the line is not affected. 


Let g’=corrected departure; 
t’=corrected latitude; 
G’ =corrected bearing; 
l’=corrected length. 


Then, tan G’= = (3) 
g’ 
|! =—— 4 
sin G’ ee 
ie 
[= 
cos G’ - 


v= w+ (6) 
The azimuth can be found from the bearing. 


25. In Table II are shown the calculations for balancing the 
transit survey for which the notes are given in Table I. It 
is assumed that the transit work is correct. The azimuths 
and the lengths of the courses, without parentheses, are copied 
from the field notes, and the latitudes and the departures, with- 
out parentheses, are calculated from them. The difference 
between the northings and the southings is S;=.77 and their 
sum is R,;=2,895.43... Similarly, S,=.52 and R,=2,976.92. 


The relative error of closure was found to be cay therefore, 


the work is sufficiently accurate for balancing the survey. 
Next, the corrections to the latitudes and departures are 
computed by means of formulas 1 and 2, Art. 24. Since 
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the northings exceed the southings, the corrections will be 
subtracted from the north latitudes and added to the south 
latitudes; since the westings are greater than the eastings, the 
corrections will be subtracted from the west departures and 
added to the east departures. The corrections are tabulated 


Oya addi >; 
as follows, - being equal to 2.895" or .00027, and z being 


equal to or .00017. Since the method of balancing is 


52 
2,977 
approximate, the values of t and g may be taken to the nearest 
10 feet. A slide rule will prove convenient for these computa- 


tions. 


CouURSE Ct Gs 


AB 


650 X .00027 = —.17 


100 x .00017 = +.02 


BC 300 X .00027 = — .08 850 X .00017 = +.15 
CD 400 X .00027 = +.11 440 X .00017 = +.07 
DE 620 X .00027 = +-.17 100 X .00017 = +.02 
EF 260 X .00027 = +-.07 290 X .00017 = —.05 
FG 500 X .00027 = —.13 220 X .00017 = — .04 
GA 170 X .00027 = +.04 970 X .00017 = —.17 


In order to make the error of closure zero, the sum of the 
numerical values of the corrections to the latitudes must equal 
S, and the sum of the corrections to the departures must equal 
S,. For this reason, the computed values are adjusted slightly; 
thus, c, for AB is called '.17 although it is a little nearer .18, 
c. for GA is taken as .04, c, for BC is made .15, and c, for GA 
is called —.17. The corrected latitudes and departures are 
written in parentheses above the calculated values. In 
practice, the calculated values are crossed out, but not erased, 
and no parentheses are used around the corrected values. 

The corrected lengths and azimuths are then determined 


from the corrected latitudes and departures. For instance, the 
/ 


corrected angle G’ for BC is found by the relation, tan G’ =5 
847.17 


996.54 whence G’ =70° 42’. Since g’ and t’ are both positive, 


28 OFFICE WORK IN ANGULAR SURVEYING 


the azimuth of BC is 70° 42. The corrected length of BC is 


7 
t 8 id al = 897.62 feet. 


~ sinG’ sin 70° 42’ 
It will be noticed that in some cases the corrected lengths 
are greater than the corresponding measured distances. Since 


lengths are likely to be measured too long rather than too short, 


TABLE I 
COMPUTATIONS FOR BALANCING TRANSIT SURVEY 


Latitude Departure 
Course Azimuth Length 
N S) E WwW 
(659.27) | (651.42) (101.47) 
AB S54 659.43 651.59 101.45 
(897.62) | (296.54) (847.17) 
LE 70° 42’ 897.46 296.62 847.02 
(594.11) (403.33) | (436.27) 
CD 132° 45" 594.01 403.22 436.20 
(628.55) (619.96) | (103.55) 
DE 170° 31’ 628.37 619.79 103.53 
(228° 35’) | (887.56) (256.34) (290.63) 
EF 228° 36’ 387.52 256.27 290.68 
(547.41) | (499.76) (223.40) 
FG 335 55! 547.55 499.89 223.44 
(988.80) (168.09) (974.43) 


GA 260° 13’ 988.99 168.05 974.60 


4,703.33 | 1,448.10 | 1,447.33 | 1,488.20 | 1,488.72 
1,447.33 | 1,448.10 | 1,488.72 | 1,488.20 


(7 | 2,895.43 | 2,976.92 52 


unless the tape is too long, some engineers prefer to make the 
adjustments entirely by subtracting from the greater values so 
that no lengths will be increased. 


26. Balancing Compass Surveys.—The method of balanc- 
ing a compass survey differs from that employed for a transit 
survey only in the formulas for determining the corrections 
which are applied to the latitudes and the departures. Fora 
compass survey, the following formulas are used: 
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Let 1/=length of course; 
c:=correction to latitude; 
Cg =correction to departure; 
Si:=sum of lengths of courses; 
S:=difference between sum of northings and sum of 


southings; 
S, = difference between sum of eastings and sum of west- 
ings 
=) 
Then, a=I1xX= (1) 
oy 
So 
—=ixX— 2 
g=lX 5, (2) 


Since the bearings in a compass survey are accurate only to 
the nearest 5 minutes, they are seldom affected by the adjust- 
ment of the latitudes and the departures. The lengths of the 
courses, however, must usually be changed to agree with the 
corrected latitudes and departures. The new bearings may be 
determined by applying formula 3, Art. 24. The new lengths 
may be found by formula 4, 5, or 6, Art. 24, but they 
can be determined more easily by applying corrections to the 
measured lengths. The corrections may be calculated by 
means of the formula 

Si Sy 
a=tXS 8X (3) 
in which c.=correction to length of course; 
t=latitude of course; 
g=departure of course; 


Si, Si, and S, have same meanings as in formulas 1 and 2. 


It will be noticed that the signs of all the terms in the formula 
are plus, but that is the case only when the corrections are 
added to both the latitude and the departure of the course in 
question. The method of applying the formula under other 
conditions is shown in the following calculations. 


27. In the first three columns of Table III are given the 
courses, the bearings, and the lengths (without parentheses), 
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which are copied from the field notes for a compass survey. 
In the other columns are the calculated latitudes and depar- 
tures (also without parentheses). It is required to balance 
the survey. The corrections to the latitudes and the depar- 
tures are found by formulas 1 and 2, Art. 26. Here, the 
sum of the northings is 545.1, the sum of the southings is 547.8, 
and S, is 547.8—545.1=2.7. The sum of the eastings is 441.1, 
the sum of the westings is 439.2, and S, is 441.1—439.2=1.9. 


The sum of the lengths, S;, is 1,614.3. Then, Si 
Ss, 19 Si 1,614 
=.0017 and S, STRAT es The computations may be 
arranged as follows: 
COURSE Ct ‘ef 
AB 300 .0017= .5 300 X .0012 = —.4 
BC 220X.0017= 4 220 X .0012 = —.3 
CD 190 X .0017 = —.3 190 X .0012 = —.2 
ORD 270 X .0017 = —.5 270X.0012= 3 
EF 370 X .0017 = —.6 370X.0012= 4 
FA 250X.0017= 4 250X.0012= 3 


Since the southings exceed the northings, the corrections 
are added to the north latitudes and subtracted from the south 
latitudes, as indicated by the signs. Similarly, since the east- 
ings exceed the westings, the corrections are added to the 
west departures and subtracted from the east departures. 
Here the corrected values are written in parentheses above the 
computed values; but in practice the computed values would 
be crossed out and the corrected values would not be enclosed 
in parentheses. 

The corrections to the original lengths are found by using 
formula 3, Art. 26. For AB, c=260X.0017—150.0012 
=.3. Since the correction was added to the latitude of AB, 


Se, : 
the term Xe is plus; but since the correction was subtracted 
t 
from the departure of AB, the term exe is minus. The 


I 
value of q is plus and is added to the original length of AB 
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For BC, a=37X.0017 —220.0012= —.2. The value of 
¢ is minus and is subtracted from the original length of BC. 
For CD, a=—180X.0017—72X.0012=—.4. The cor- 
rections were subtracted from both the latitude and the depar- 
S Ss 
ture of CD; hence, both Xe and aed are minus. 
1 L 


For DE, «= —270X.0017+ 58X.0012= —.4. 
‘For EF, «= —100X.0017+360X.0012= 3. 
For FA, a= 250X.0017+ 20X.0012= 4. 


TABLE III 
COMPUTATIONS FOR BALANCING COMPASS SURVEY 


Latitude Departure 
Course Bearing Length 
N Ss) E Ww 
(N 30° 15’ E) (800.3) | (259.4) (151.1) 
AB N 30° 20’ E 300.0 258.9 151.5 
(N 80° 15’ E) (220.4) (37.4) (217.2) 
BAC. N 80° 20’ E 220.6 37.0 217.5 
(193.4) (179.6) (71.9) 
GD) 5S 21° 50’ E 193.8 179.9 (2.1 
(S 122 15’ W) (274.6) (268.3) (58.3) 
DE S 12° 10’ Wi 275.0 268.8 58.0 
(S 74° 45’ W) | (375.2) (98.5) (362.0) 
EF S 74° 40’ W 374.9 She). 361.6 
(250.4) | (249.6) (19.9) 
FA N 4° 30’ W 250.0 249.2 19.6 
1,614.3 545.1 547.8 441.1 439.2 
545.1 439.2 
20 1.9 


Approximate values of ¢ and g are close enough for these 
calculations. The corrected lengths and bearings are written 
here in parentheses over the original values in the table. 


28. Supplying Omissions.—It is sometimes impossible 
to determine by direct measurement the lengths and the direc-: 
tions of all the sides of a closed field; moreover, omissions 
sometimes occur in the notes from accident. In a closed 
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survey in which there are two omissions, the missing parts can 
be supplied from the other parts by calculation. Suppose, 
for example, that very thick woods make it impracticable to 
measure the length and the azimuth of the side CD in the 
survey for which the notes are given in Table I. Then D 
would be taken as the starting point of the survey and the 
notes would be arranged in the following form: 


Latitude Departure 
Course Azimuth Length 
N Ss E W 
DE oP sil’ 628.37 619.79 103.53 
EF 228° 36’ 387.52 256.27 290.68 
FG Sei lyn 547.55 499.89 223.44 
GA 260° 13’ 988.99 168.05 974.60 
AB Spl 659.43 651.59 101.45 
IBC. 10> 42° 897.46 296.62 847.02 


The length and the azimuth of CD may be found from the 
total latitude and the total departure of C with respect to axes 
through D. The sum of the northings is 499.89+651.59 
+ 296.62 = 1,448.10; of the southings, 619.79+256.27+ 168.05 
= 1,044.11; of the eastings, 103.53-++-101.45+847.02 = 1,052.00; 
and of the westings, 290.68+223.44+974.60=1,488.72. The 
total latitude of C with respect to D is 1,448.10—1,044.11 
= 403.99, and its total departure is 1,488.72 — 1,052.00 =436.72. 
Since C is north of D, the latitude of CD is a southing; and 
since C is west of D, the departure of C D is an easting. Then, 
by formula 3. Art. 5, 

tan G== =—_—_ 
t 403.99 
Whence G=47° 14’ 

Since g is positive and ¢ is negative, the azimuth of CD is 
equal to 180°—G=180°—47° 14’=132° 46’. The length of 
CD is, by formula 4, Art. 5, 


mre ke 
~sginG sin 47° 14! 


= 594.89 feet 
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The case shown in Fig. 11 is another in which it is necessary 
to supply omissions. The line AB may be considered asa side 
of the closed survey ACDEBA; and its length and azimuth 
may be found from the measurements of the other sides as 
previously shown. 

The surveyor should make every measurement that is prac- 
ticable so as to avoid the necessity of supplying omissions by 
computation; for, when values are determined in this manner, 
it must be assumed that the remaining field notes are exactly 
correct. Consequently, there are no means of balancing the 
survey, and all errors are thrown in the part or parts supplied. 


EXAMPLES FOR PRACTICE 


1. In the following table are given the latitudes and the departures 
of the courses of a closed transit traverse as computed from the field 
measurements. (a) Calculate the total error of closure. (b) Verify the 
corrected latitudes and departures and the corrected azimuths and lengths. 


Ans. (a) .70 
Cc Calculated | Calculated | Corrected | Corrected | Corrected |Corrected 
CRESS Latitude Departure Latitude Departure Azimuth | Length 


AB +521.60 | +368.86 | +521.51 | +368.94 | 35° 17’ | 638.87 


Bie — 467.62 | +819.26 | —467.70 | +819.43 | 119° 43’ | 943.54 
CD —712.92 | +100.62 | —713.04 | +100.64 | 171° 58’ | 720.10 
DE —100.94 | —611.93 | —100.96 | —611.80 | 260° 38’ | 620.07 


EF +644.14 | — 79.85 | +644.03 | — 79.84 | 352° 56’ | 648.97 
FA +116.18 | —597.50 | +116.16 | —597.37 | 281° 00’ | 608.56 


2. The following table contains the lengths and the bearings of the 
courses of a compass survey, the values of the latitudes and the departures 
as computed from the original notes, and the corrected values of the lati- 


Length 


Couns Bearing Legh t z Cosrected Care Corrected 


Length 


AB |N 41° 30’ E| 10.47 | + 7.84] + 6.94] + 7.85] + 6.96 | 10.49 
BGAN oa lo eb SGuiewo. 02s) tell a7 3.03), 14 Ou alt89 
CD |S 20° 45’ B| 11.64 | —10.88 | + 4.12 | —10.87 | + 4.14} 11.64 
DE |S 57° 45’ W| 15.78 | — 8.42 | —13.35 | — 8.40 | —13.32) 15.74 
EAN 48° 00’ W| 12.52:| + 8.38] — 9.30] + 8.39] — 9.27) 12.51 


34. OFFICE WORK IN ANGULAR SURVEYING 


tudes, the departures, and the lengths. (a) Verify the original values ot 
the latitudes and the departures, and the corrected values of the latitudes, 
the departures, and the lengths. (b) Calculate the relative error of closure. 


Ans. (6) .002 
3. From the following notes, determine (a) the length and (6) the 
bearing of the line PQ. eet (a) sees = 

(b) N 74°5/E 

Course Length Bearing 

PA 300.0 N 45° E 

AB 200.0 Sis 

BC 250.0 due east 

CQ 163.4 N 60° E 


PLOTTING SURVEYS 


INTRODUCTION 


29. Definition and Methods.—A plot of a survey shows 
on paper the relative locations of points and objects on the 
ground. The plot is constructed by drawing lines to represent 
the courses whose lengths and directions have been determined 
by measurement and have been recorded in the notes. Although 
there are many methods of plotting, the points of a survey are 
commonly located either by latitudes and departures, or by 
lengths and bearings or azimuths. In a compass survey, the 
method of lengths and bearings is always used. Ina transit 
survey, the method of latitudes and departures is generally 
employed for locating important points and the method of 
lengths and azimuths is used for filling in details. 


30. Instruments.—The instruments commonly used in 
plotting are a drawing board, a sharp hard pencil, a scale, a 
protractor, two triangles, and a T square, all of which have been 
described in connection with Geometrical Drawing. Special 
forms of the T square and the protractor will be described here. 
A long straightedge, preferably of steel, is sometimes con- 
venient. A parallel ruler is often used instead of a T square. 
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31. TSquare.—In one style of T square, the blade is fixed 
at right angles to the head, and, therefore, only parallel lines 
at right angles to the edge of the board can be drawn. For 
drawing parallel lines not perpendicular to the edge of the 
board, the type of T square shown in Fig. 13 is convenient. 


Fie. 13 


The head is divided into two separate parts, which are held 
together by means of a bolt and a nut. 

When the nut is loosened, one part can be rotated to the right 
or to the left with respect to the other section; the two pieces 
are then held in position by tightening the nut. The upper 
part of the head, c, is rigidly fixed at right angles to the blade d, 
and, when the lower part of the head is kept against the edge of 
the drawing board, the blade moves parallel to itself as the 
instrument slides. 


32. Parallel Ruler.—The type of parallel ruler generally 
used is shown in Fig. 14. It consists of a metal straightedge 
which is mounted on milled rollers of equal diameter attached 


to a common shaft. If the ruler is carefully rolled over a 
surface without lifting either roller, the straightedge will move 
parallel to itself. Hence, if one edge of the ruler is placed 
along a given line, a parallel line through any point can be 
obtained by rolling the instrument until an edge passes through 
the desired point, and then drawing a line along that edge. 
Owing to the greater cost of parallel rulers and to the fact that 
ILT 418B—18 
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more care must be exercised to give as good results, parallel 
rulers are not used so much as T squares. 


33. Protractors.—The simple semicircular protractor has 
been described in a preceding Section. The type shown in 
Fig. 15 is an ordinary metal protractor with a rotating arm, or 
blade, a, which extends from the center of the graduated 
circle. In order that the center may be set accurately at the 
desired point on the paper, it is marked by cross lines on a 


Fie. 15 


transparent celluloid disc in the joint b by which the blade is 
attached. For laying off angles in transit work, the arm of the 
protractor is supplied with a vernier c, by means of which 
settings can be made to the nearest minute. In Fig. 15 the 
half-degree graduations are omitted to make the illustration 
clearer. 

In using protractors such as those already described, it is 
necessary to move the protractor for every new point where 
angles are measured; thus, much time is required and there is 
likely to be some error in placing the protractor in the proper 
position at each point. The form of protractor often used in 
plotting lines by bearings or azimuths is the paper protractor, 
which can be tacked to the drawing board and kept in one 
position for plotting many lines. The paper protractor is a full 
circle printed from accurately engraved plates on a sheet of 
drawing paper, tracing paper, or bristol board. The circle is 
from 8 to 14 inches in diameter and is graduated to half or 
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quarter degrees; the numbers of the graduations are not printed 
on the sheets but are written on by the draftsman in the manner 
most convenient for his purpose. For bearings, the gradua- 
tions are numbered in quadrants from 0° to 90° in each direc- 
tion, similar to those on the needle circle of a compass, so 
that bearings can be readily found. For azimuths the 
numbers increase from 0 to 360 clockwise, as on the horizontal 
limb of a transit. The center of the graduated circle is marked 
by a cross. 


PLOTTING BY LENGTHS AND BEARINGS 


34. Preliminaries to Plotting.—Bcfore plotting is started, 
it is necessary to select the scale, the direction of the meridian, 
and the location of the first point of the survey, so that the 
plot will not run off the paper. It is a slight advantage in 
plotting with a T square to have the meridian parallel to the 
edge of the paper, but there is no objection to having the 
meridian in any other direction. However, north should 
always be toward the top of the paper. The best scale and the 
location of the first point can be determined from the latitudes 
and departures, or by careful examination of the field notes 
and a rough sketch of the survey. 

In ordinary work the scale used is so small that the cor- 
rections to the measurements that are required to balance the 
Sirvey comoaiect the plottime. Eenee, the plot cam be 
drawn from the measurements in the notes, and it is not neces- 
sary to balance the survey before plotting. A considerable 
error of closure in the plot indicates a mistake either in the 
field measurements or in the plotting, and should be investi- 
gated. 


35. Plotting Bearings With Paper Protractor.—When 
a paper protractor is used, a long line representing the direction 
of the meridian is drawn in a convenient position on the paper, 
and at any place along this line the protractor is tacked to 
the board so that the zero points coincide with the line. In 
Fig. 16, the meridian is indicated by the line with a half 
arrowhead. ‘The starting point A of the survey is marked by a 
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pinhole with a small circle around it. For making this hole, 
a needle inserted in a small piece of wood as a handle is very 
convenient. If a parallel ruler is used, one edge of it is 
set on the protractor to read the bearing of the first course. 
In Fig. 16, the bearing of A Bis N 40° E and the ruler is, 
therefore, placed in the position aa. Then, it is rolled to 
the position a’a’, where the edge passes through A, and an 
indefinite line is drawn. On this line, the length of the 
course AB is laid off to the proper scale, and the point B 
is located and marked with a pinhole and a circle. The 


Fre. 16 


parallel ruler does not have to extend across both parts 
of the graduated circle, but may be set to pass through 
the center mark and the proper graduation in one quadrant. 
Next the ruler is set on the protractor in the position bb to 
read the bearing of BC, which is N 70° E, and is rolled to the 
position b’b’ so that the edge passes through B. An indefinite 
line is drawn along the edge and, on this line, the length of BC 
is laid off to scale to locate C. Point D is located in a similar 
manner. The ruler is first placed in the position cc to read 
a bearing of 5 30° E, and is then rolled to the position c’c’ to 
pass through C; the distance CD is laid off in the direction of 
the ruler. 
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In case it becomes impossible to transfer a direction from the 
protractor to the required position of the line by means of the 
parallel ruler, the protractor can be shifted to any other position 
on the paper. When the protractor is to be moved, a line is 
drawn parallel to the meridian, and the zero points of the 
protractor are set on this line. 

If no parallel ruler is at hand, the directions of the lines 
can be transferred from the protractor to the required points by 
means of an adjustable T square, or better, by means of two 
triangles used for drawing parallel lines as 
explained elsewhere. If the triangles have long 
edges, as 12 or 14 inches, the direction of a line 
can be transferred with great rapidity after a 
little practice; of course, smaller triangles can 
also be used but they require more shifting than 
the larger ones. Azimuths can be laid off with 
a protractor in the same way as bearings 


36. Plotting With Other Protractors. 
When an angle is to be laid off with a metal or 
celluloid protractor, the center of the protractor 
must be set over the vertex of the angle. There- 
fore, the protractor must be placed at each S&S 
point over which the transit was set in the field. 

The direction of the meridian is marked by a long line at 
some convenient position on the paper and the starting point of 
the survey is located. If a semicircular protractor without a 
rotating arm is used, a meridian is drawn through the starting 
point and the protractor is set with its center at that point and 
its zero graduations on the meridian. If the bearing of the 
line is northeast or southeast, the protractor is placed to the 
right of the meridian, and if the bearing is northwest or south- 
west, the protractor is placed to the left of the meridian. In 
Fig. 17, A is the starting point and NS is the meridian. Then 
a point is marked at the edge of the protractor opposite the 
graduation corresponding to the bearing of the first course. 
In Fig. 17, the bearing of A B is taken as N 45° E and the 
point M is marked at the edge of the protractor opposite the 
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45° graduation to the east from the north. The protractor is 
moved out of the way and an indefinite line is drawn through 
A and M. The length of AB is laid off to scale on this line 
and the point B of the survey is located and marked. A 
meridian is then drawn through the point B, and the operations 
are repeated to locate the next point of the survey. 

If a semicircular protractor with an arm is used, the bearings 
can be laid off in less time and with less trouble. There is no 
necessity of drawing the meridian through each station since 
the straight part of the protractor can be placed against the 
edge of the T square, parallel ruler, or triangle, which is parallel 
to the meridian. By shifting the T square and by moving 
the protractor along the edge of the T square, the center of 
the protractor can be brought over the desired point. Then 
the blade of the protractor is set at the required bearing, and 
an indefinite line is drawn along the edge of the blade. The 
length of the course is laid off on this line to locate the next 
point of the survey. When only one bearing is laid off from a 
point, it is probably better to set the blade of the protractor at 
the desired bearing first, and then to shift the protractor to the 
proper position by bringing any part of the blade to the station 
from which the bearing is measured. 


PLOTTING BY LATITUDES AND DEPARTURES 


37. Introduction.—The first step in plotting by latitudes 
and departures is to select the scale of the map, the direction 
of the meridian, and the location of the starting point on the 
paper. Then the reference axes, to which the total latitudes 
and the total departures are referred, are drawn parallel and 
perpendicular to the meridian. In order to facilitate plotting, 
the paper is divided into a number of squares by drawing lines 
parallel to the axes and exactly 10 inches apart in both direc- 
tions. These lines should be drawn very carefully, and the 
lengths of the diagonals of each square should be measured as a 
a check to see that they are 14.14 inches long. Then, points 
may be located by measuring from the nearest line rather than 
from a reference axis. For instance, if the scale of the map is 
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1 inch to 100 feet, the distance between the lines represents 
10100, or 1,000, feet. A point whose total departure is 
2,300 feet may, therefore, be located by measuring 300 feet 
from the 2,000-foot line instead of 2,300 feet from the 
meridian. 


38. Locating Points.—The values in Table IV are the 
total latitudes and the total departures of the points of the 
traverse for which the notes are given in Table I. The refer- 
ence axes are assumed through A, and the corrected latitudes 
and departures taken from Table II are used. 

The plot of the points by total latitudes and total departures 
is shown in Fig. 18. Station B is found by measuring 651.42 


TABLE IV 
TOTAL LATITUDES AND DEPARTURES 


Station Total Latitude Total Departure 

A 0 0 

B +651.42 + 101.47 
G +947.96 + 948.64 
D + 544.63 +1,384.91 
E — 75.33 +1,488.46 
F — 331.67 +1,197.83 
G +168.09 + 974.43 


feet from A along the meridian to B’ and then 101.47 feet 
from B’ at right angles to the meridian. Point C is located by 
measuring 947.96 feet from A to C’ and then 948.64 feet from 
C”’ at right angles to the meridian or parallel to the east-and- 
west axis. Point C’ should not be located by measuring 296.54 
feet from B’, because any mistake in B’ would also be carried 
to C’. All distances should be measured from one of the care- 
fully drawn lines that divide the paper into 10-inch squares. 
In locating a point, it is always convenient to measure the 
longer distance along one of these lines and the shorter distance 
from that line. Thus, point E can be located best by measur- 
ing along the east-and-west axis 488.46 feet from the auxiliary 
line 1,000 feet east of the meridian to E’”’, and then from E”. 
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75.33 feet at right angles to the east-and-west axis. The work 
can be checked by measuring the lengths of the courses. 
After the impottant points have been located by latitudes 
and departures, the details can be filled in by means of a pro- 
tractor. The complete plot of the survey from the notes in 
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Fig. 19 is shown in Fig. 20. The directions of lines on a map 
are generally given by bearings, even though azimuths were 
measured in the field. The numbers of the points locating 
objects would not be shown on the finished map but are given 
here for reference. In some surveys, the lengths and the bear- 
ings of the courses would not be shown either. When they 
are written on the map, however, the corrected values, and 
not the measured ones, should be used. Thus, the corrected 
values taken from Table II are used in Fig. 20. 
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44. OFFICE WORK IN ANGULAR SURVEYING 


CALCULATING AREAS 


DOUBLE MERIDIAN DISTANCES 


39. Explanation.—The most common method of calculat- 
ing the area of a field bounded by straight lines is known as the 
double-meridian-distance method. The double meridian dis- 
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tance of a course, abbreviated D. M. D., is equal to the sum 
of the total departures of the extremities of the course. For 
example, in Fig. 18, the double meridian distance of CD is 
equal to C’C+ D'D, and that of A Bis B’B+0, or B’B. Just 
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as the total departures of the points of a traverse can be 
measured from any axis, the double meridian distances of the 
courses can be referred to any convenient meridian. If, in 
Fig. 18, the reference meridian is taken through F, the total 
departure of C is —CH and the total departure of D is +K D. 
Hence, the double meridian distance of CD is equal to KD 
—CH. The numerical value of the double meridian distance 
of GA is equal to GL+A P; but, since the total departures of 
G and A are both negative, the double meridian distance of 
GA must be taken as —(GL+AP). In order to make the 
calculations of double meridian distances easier and to avoid 
negative values, the reference meridian is usually taken through 
the most westerly corner of the field. 

If the field has been plotted, the most westerly corner is 
readily selected. Sometimes, however, a study of the depar- 
tures of the courses is sufficient to determine the proper corner. 
Occasionally, it may be necessary to assume a point as the 
most westerly and to calculate the total departures of the 
other corners from it. If all the values come out positive, 
the assumption is correct; otherwise, the corner having the 
greatest west total departure is the one to be selected. In 
Fig. 18, A is the most westerly corner. 


40. Calculation of Double Meridian Distances.—The 
double meridian distances of the courses of a traverse may be 
calculated by determining the total departures of the corners 
and taking the sum of the total departures of the extremities of 
each course as explained in the preceding article. The survey 
should be balanced before the area is computed, and the cor- 
rected departures should be used in calculating the double 
meridian distances. If, in Fig. 18, the reference meridian is 
taken through A, the double meridian distance of BC, which 
is equal to the departure of B plus the departure of C, equals 
101.47+ 948.64 = 1,050.11. 

The calculations may be made more easily by means of the 
following rule: 


Rule.— The double meridian distance of any course 1s equal 
to the sum of the double meridian distance of the preceding course, 
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the departure of the preceding course, and the departure of the 
course itself. East departures are added and west departures 


are subtracted. 
In this method the courses must be taken in order, starting 


from the reference meridian. 


The double meridian distance of 


CALCULATIONS FOR DETERMINING DouBLE MERIDIAN DISTANCES 
SECOND METHOD 


First METHOD 


Total 
Total 


Dep. 
Dep. 


D. M. D. 


Total 
Total 


Dep. 
Dep. 


D. M. D. 


Total 
Total 


Dep. 
Dep. 
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0 
101.47 


101.47 


101.47 
948.64 


1,050.11 


948.64 
1,384.91 


2,333.55 


1,384.91 
1,488.46 


2,873.37 


1,488.46 
1,197.83 


2,686.29 


1,197.83 
974.43 


2,172.26 


974.43 
0 


974.43 


D. M.D. AB= 101.47=Dep. AB 
Dep. AB= 101.47 
Dep. BC= 847.17 
D. M. D. BC =1,050.11 
Dep. BC= 847.17 
Dep. CD= 436.27 
D. M. D. CD=2,333.55 
Dep. CD=, 436.27 
Dep. DE= 1038.55 
D. M. D. DE=2,873.37 
Dep. DE= 108.55 
Sum =2,976.92 
Dep. EF=-—290.63 
D. M. D. EF =2,686.29 
Dep. EF=—290.63 
Dik.) -==2/395:66 
Dep. FG=—223.40 
D. M. D. FG =2,172.26 
Dep. FG=—223.40 
Diff. =1,948.86 
Dep. GA =—974.43 


D. M. D. GA = 974.43 = —Dep. GA 
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the first course of the traverse is equal to the departure of the 
course, and, as a check on the work, the double meridian dis- 
tance of the last course should be equal to the departure of 
the course with its sign changed. The corrected departures 
for the survey plotted in Fig. 18 are given in Table II. The 
double meridian distance of the course AB is equal to its 
departure, or 101.47. The double meridian distance of BC is 
equal to the double meridian distance of AB, which is 101.47, 
plus the departure of AB, which is 101.47, plus the departure 
of BC, which is 847.17; the result is 101.47+101.47+ 847.17 
= 1,050.11, as obtained by taking the sum of the total depar- 
tures of B and C. 

The calculations for determining the double meridian dis- 
tances of all the courses by both methods are conveniently 
arranged in the accompanying tabulation. Since the depar- 
tures of EF, FG, and GA are westings, they are subtracted in 
applying therule. Thecomputed value of the double meridian 
distance of the last course GA is 974.42, and the departure of 
the course is —974.43. The computations are, therefore, correct 
because these values are numerically equal and have different 
signs. Since the meridian is taken through A, which is the 
most westerly corner, all the double meridian distances are 
positive in this case. However, if the meridian had been taken 
through any other corner, some of the values would have been 
negative. 


COMPUTATION OF AREA 


41. The area of any polygon can be computed by dividing 
the given figure into triangles, rectangles, and trapezoids, 
finding the area of each portion, and taking the sum of these 
partial areas. Sometimes, it is more convenient to compute 
the area of a figure that encloses the given polygon and then 
deduct from it the areas not included in the given polygon. 

For instance, in Fig. 18, the area of the field ABCDEFGA 
may be taken as equal to the area C’C DEF F’C’ minus the area 
C’CBAC' minus the area AGFF’A. But area C’CDEFF'C’ 
is equal to C'CD D’/+ D'/DEE'+E’EFF’; area C'CBAC’' is 
equal to C’CBB’+B’BA; and area AGF F’A is equal to 
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G'GFF'—G'GA. Hence, area ABCDEFGA is equal to C’CDD’ 
+ D'DEE'+E'EFF'—C'CBB'—B'BA-GGFF'+GGA. 

The area of a triangle is equal to one-half the product of 
the base and the altitude, and the area of a trapezoid is equal 
to one-half the product of the altitude and the sum of the bases- 
thus, area B’BA is equal to AB’ X B’B, and area C’CBB’ is 
equal to 4 B’C’K(B’B+C’'C). But AB’ and BB’ are, respec- 
tively, the latitude and double meridian distance of AB; B’C’ 
is the latitude of BC, and B’B+C’'C is its double meridian 
distance. Hence, area B’BA is equal to one-half the product 
of the latitude and the double meridian distance of AB, and 
area B’BCC’ is equal to one-half the product of the latitude 
and the double meridian distance of BC. Similarly, the other 
areas are equal to one-half the products of the latitudes and 
the double meridian distances of the other courses. If the 
latitude and the double meridian distance are multiplied, the 
product is the double area, since the area itself is equal to one- 
half the product. It is convenient to consider double areas 
and then, after they have been combined, to divide the result 
by 2. 

In the preceding expression for area ABCDEFGA, it will 
be noticed that areas C’C DD’, D'/DEE’, E'EFF', and G’GA 
are to be added, and the courses CD, DE, EF, and GA, which 
form the inclined sides of the respective areas, all have south 
latitudes. On the other hand, areas C’C B B’, B’B A, and 
G'GFF' are to be subtracted and the courses BC, AB, and 
FG have north latitudes. Therefore, if all the double merid- 
ian distances are positive, the area may be computed by the 
following rule: 


Rule.—Multiply the double meridian distance of each course 
by the latitude of the course. Take the sum of the products for 
the courses having north latitudes and the sum of the products for 
the courses having south latitudes. Subtract the smaller result 
from the larger and divide the remainder by 2. The area is taken 
as positive in every case. 


The calculations for the area of the field in Fig. 18 are 
shown in Table V. North latitudes and east departures are 
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indicated +, and south latitudes and west departures are 
indicated —. 


TABLE V 
CALCULATION OF AREA 
Double Area 
Course Latitude Departure D. M. D. 
| North South 
AB +651.42 +101.47 101.47 66,100 
Bie + 296.54 +847.17 1,050.11 311,400 
GD —403.33 | +436.27 2,039.00 941,191 
DE —619.96 | +103.55 2,873.37 1,781,374 
EF — 256.34 — 290.63 2,686.29 688,604 
FG +499.76 — 223.40 PMV OLAS 1,085,608 
GA —168.09 | —974.43 974.43 163,792 


1,463,108 3,574,961 
1,463,108 


2)2,111,853 
1,055,926 sq. ft. 
= 24.241 acres 
EXAMPLES FOR PRACTICE 


1. Verify the double meridian distances of the courses for the follow- 
ing notes: 


Course Latitude Departure D. M. D. 
AB + 521.55 +368.79 368.79 
BiG — 467.51 +819.20 1,556.78 
CD — 712.99 +100.57 2,476.55 
DE +112.01 — 596.25 1,980.87 
EF — 97.30 — 612.49 T1213 
FA + 644.24 — 79.82 79.82 


2. Calculate the area of the field in example 1. 
Ans. 24.140 acres 
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CIRCULAR CURVES 


THEORY OF CIRCULAR CURVES 


DEFINITIONS AND FUNDAMENTAL PRINCIPLES 


23.* Tangents.—The line of a railroad consists of a 
series of straight lines connected by curves. Each two 
adjacent lines are united by a curve having the radius best 
adapted to the conditions of the surface. The straight 
lines are called tangents, because they are tangent to 
the curves that unite them. In order to determine the 
curve by which two tangents are to be united, the angle 
between them must be known. 


24. Intersection of Tangents.—Let A & and CD, 
Big. 17, be two intersecting tangents. It is’ desired 


En 
as 
4 
ee Angle of Intersection 
Se 
ae Joa | 
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Se 


to determine their point of intersection and the angle 
that they make with each other. A picket is first 
set up at & and another at A, or at some other point on 


Fic. 17 


*On account of the omission, after this section was printed, of some 
matter that was transposed to another section, the article and figure 
numbers begin here with 23 and 17, respectively, instead of 1. 
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the line 4 B. The transit is set up at C, the telescope is back- 
sighted to D, then reversed forward and sighted at a flag 
held in the line given by the transit and also about in range 
with the pickets at 4 and B, as nearly as the flagman can 
judge. With a little practice he can determine approxi- 
mately the intersection J of the two lines. Two temporary 
hubs are then driven at K and L in the line CD, one on 
either side of the estimated position of the point of inter- 
section J. These hubs are centered by driving a tack half 
its length in the top of each, exactly on the line C D, and a 
cord is stretched between the tacks. The instrument is then 
set up at B, the telescope is backsighted to A, reversed 
forward, and a flag lined in at J where the line of sight 
intersects the cord, which will be the intersection of the 
line A B prolonged with CD prolonged. A permanent hub 
is now driven at J and centered by driving a tack at the 
exact point where the prolongation of A B, as given by the 
instrument, crosses the cord connecting the tacks in the hubs 
at K and L. Having thus located the point J, the instru- 
ment should be set over it, and the angle EC should be 
measured. 

The point J is the intersection of the tangents A B and C D. 
Such a point is called a point of intersection; it is com- 
monly designated by the letters P. I., and the guard stake 
indicating its position is marked P. I. The external 
angle EI C, formed by the intersecting tangents, is called the 
intersection angle or the angle of intersection. 


25. Curves.—Railroad curves are usually circular and 
are divided into three general classes, namely: simple, com- 
pound, and reverse curves. 

A simple curve is a curve having but one radius, as the 
curve 4 B, Fig. 18, whose radius is A C. 

A compound curve is a continuous curve composed of 
two or more arcs of different radii, as the curve CDEF, 
Fig. 19, which is composed of the arcs CD,DE, and E F, 
whose respective radii are GC,HD, and K E. In the gen- 
eral class of compound curves may be included what are 
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known as easement curves, transition curves, and 
spiral curves, now used very generally on the more impor- 


D 


c H 
Fie, 18 Fie, 19 


tant railroads. These do not belong properly to the subject of 
Surveying. 

A reverse curve is a continuous curve composed of the 
arcs of two circles of the same or different radii, the centers 
of which lie on opposite sides 
of the curve, as in Fig. 20. 
The two arcs composing the 


EP 


curve meet at a common we 
point M, called the point N 
of reversal, at which point 
they are tangent to a com- o 
Fic. 20 


mon line perpendicular to the 
line joining their centers. Reverse curves are becoming less 
common on railroads of standard gauge. 


26. Geometry of Circular Curve.—In studying the 
subject of curves, a thorough knowledge of the principles of 
geometry relating to the circle is very essential. The ele- 
mentary parts of a circular curve and the related geometric 
values required in laying it out are illustrated in Fig. 21. 
AB and CD represent two tangents that are united by the 
curve BGHKC. The prolongations of these tangents 
intersect at E and form the angle of intersection FEC. The 
following principles of geometry are of especial impor- 
tance as relating to curves, and are restated here for conve- 
nience of reference, the form of statement being modified to 
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suit present requirements by substituting the subtending 
chord for the arc: 


1. A tangent toa circle is perpendicular to the radius at 
its tangent point. Thus, 4 Z, Fig. 21, is perpendicular to 
B O at its tangent point B, and CD is perpendicular to CO 
acre, 


F 


2. Two tangents toa circle from any point without the 
circle are equal in length, and make equal angles with the 
chord joining their points of tangency. Thus 6A and C& 
are equal, and the angles / 8 C and £C B are equal. 


3. An angle not exceeding 90° formed by a chord and 
the tangent at one of its extremities is equal to one-half the 
central angle subtended by the chord. ‘Thus, the angle 
BHHCeE CB = one-half. G 

4. An angle not exceeding 90° having its vertex in the 
circumference of a circle and subtended by a chord of the 
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circle, is equal to one-half the central angle subtended by 
the chord. Thus, the angle GBH, whose vertex B is in 
the circumference, is subtended by the chord GA and is 
equal to one-half the central angle G O H, subtended by the 
same chord G #7. 


5. Equal chords of a circle subtend equal angles at its 
center and also in its circumference, if the angles lie in cor- 
responding segments of the circle. Thus, if 6G, G A, A K, 
andpxCeare equal ws 0 GiaG OF), G Bit = Bk ete 

6. The angle of intersection between any two tangents 
of a circle is equal to the central angle subtended by the 
chord joining the two points of tangency. Thus, the 
angle,GL Pi==6b 0.0. 

7. A-radius that bisects any chord of a circle is perpen- 
dicular to the chord. 


2%. The Angular Unit.—The rate of divergence of the 
two lines forming an angle, from their common or angu- 
lar point, determines the size of the angle. As we know 
from geometry, the unit of angular measurement is the 
degree, equal to 34, part of a circle. In the calculations 
relating to curves, it is convenient to remember that two 
lines forming an angle of 1° with each other will, at a 
distance of 100 feet from the angular point, diverge 
by 1.745 feet, very closely. 

In Fig. 22, the lines A B and A C, meeting at the point A, 
are supposed to form an angle of 1°, and the angle 44 C is 


4 sei 
100 is 
A 1 s 
100 7 
Fic, 22 


measured by the arc BC, described with the radius 4 4, 
which is 100 feet in length. The chord &C, which is the 
straight line joining the extremities of that arc, is equal to 
twice the sine of one-half the angle & A C, multiplied by 100. 
The natural sine of 30 minutes, expressed to seven decimal 
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places, is .0087265,* and 2 X .0087265 X 100 =1.7453. Hence, 
the length of the chord BC, expressed to three decimal places, 
which is close enough for all practical purposes, is 1.745 feet. 


28. Degree of Curvature.—The sharpness of a curve, 
or the rapidity with which it turns, may be designated 
by its radius; that is, by the radius of the circular arc 
composing it. In this;country, however, this property of 
a curve is usually designated by the number of degrees 
contained in the central angle of the curve subtended by a 
chord of 100 feet. This is called the degree of curvature, 
or degree of curve. Thus, if the chord 4G, Fig. 21, is 
100 feet long, and the angle 4 OG is 1°, the curve is called 
a one-degree curve; but if with the same length of chord 
the angle BOG is 4°, the curve is called a four-degree 
eurve; while if the angle SOG is 10°, the curve is called 
a ten-degree curve; etc. These are commonly written 
1° curve, 4° curve, 10° curve, etc. That is to say, a chord 
of 100 feet on the curve, or, at the circumference of the 
circle of which the curve is an arc, will subtend an angle of 
1° at the center of a 1° curve, an angle of 4° at the center of 
a 4° curve, or an angle of 10° at the center of a 10° curve, etc., 
formed between two radii. 

It should be noticed, however, that the term degree of 
curvature, as used in this sense, is not a perfectly general 
term, since it applies only to curves of comparatively long 
radii. Evidently it can be applied only to curves having 
diameters not less than the designated length of chord 
(100 feet), and, consequently, the extreme limit of its appli- 
cation is reached in the case of a circle whose diameter is 
100 feet. The degree of curvature of an arc of sucha circle 
would be 180°. But, although this is the theoretical limit of 
application of the expression degree of curvature, the prac- 
tical limit is reached in the designation of curves of much 
larger radii, such as will contain several chords of 100 feet 


*The value of the sine is here stated to seven decimal places, 
because the value .00878, as given in a table of five decimal places, 
would give for the divergence of the lines in 100 feet the value 
2 X< .00873 x 100 = 1.746, which is not as close as the value 1.745. 
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each in a semi-circumference. In sharper curves, or curves 
of smaller radii, it is customary to designate the rate of 
curvature by the length of the radius. 


29. Deflection Angle.—The angle formed between any 
chord of a curve and a tangent to the curve at one extrem- 
ity of the chord is the deflection angle for the chord; 
that is, it is the angle by which the chord is deflected 
from the tangent. According to the principle stated in 
Art. 26, 3, this angle is equal to one-half the central angle 
subtended by the chord. Thus, £ AG, Fig. 21, is the 
deflection angle by which the chord 4G is deflected from 
the tangent 44. According to the principle just referred 
to, it is equal to one-half the central angle BOG. Since it 
is customary to designate a curve by its degree of curvature, 
which is equal to the central angle subtended by a chord of 
100 feet, it follows from what has just been stated that the 
deflection angle for a chord of 100 feet is equal to one-half 
the degree of curvature. 

But, according to the principle stated in Art. 26, 4, the 
angle G4 H, which the chord & H makes with the prece- 
ding chord BG, is equal to one-half the central angle G O H, 
subtended by the chord G H, so that if the chord G Af is 
equal to the chord 4G, the central angle GO/ will be 
equal to BOG and the angle GSH equal to ALG. The 
same is trueof theangles HB K and K AC. Hence, it also 
follows from this principle that when a series of chords ts 
deflected from a common point on a curve to consecutive 
stations 100 feet apart along such curve, the common dtffer- 
ence between the consecutive deflection angles 1s always equal 
to one-half the degree of curvature. 

But while the name deflection angle is applied to the 
angle between any chord of a curve and the tangent at one 
extremity of the chord, it is cuscomary to restrict its appli- 
cation to an angle of this character that is subtended by a 
chord of 100 feet, and the term deflection angle is commonly 
understood to mean the deflection angle subtended by such 
a chord. When used in this sense it may be designated as 
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the regular deflection angle. Hence, in any curve, fhe 
regular deflection angle ts equal to one-half the degree of 
curvature, 


380. Relation Between Deflection Angle and Radius. 
In Fig. 23, let OZ be perpendicular to the chord 4G at its 


center. In the right triangle 5 OZ, we have 
: EL 


“Sin OP 

but OB is the radius of the curve, BZ is one-half the 
chord BG, and the angle BO L, being equal to one-half 
BOG, is equal to the deflection angle HAG. If we now 
denote the radius O4 by &, the chord BG by c, and the 
deflection angle HB G= LOL by D, the equation written 
above becomes 

ORS KL: 

~ sin D 


(9) 
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This formula is perfectly general and applies to any 
length of chord. If we let D,,, denote the deflection angle 


100 


for a chord of 100 feet and substitute 100 for c, we shall have 


mi N50 
Sine Lh 
31. Approximate Value of Radius.—When the degree 
of curve is not too great, its radius can be determined 
approximately and closely enough for most practical pur- 
poses by dividing the radius of a 1° curve by the degree 
of the given curve. The deflection angle of a 1° curve is 
4° or 30 minutes. By using seven-place logarithmic tables 
and substituting the logarithmic sine of 80 minutes in for- 
mula 10, we have 


(10) 


log 50 = 1.6989700 
log sin 0° 30’ = 3.9408419 
log R = 3.7581281 


Hence, XK = 5,729.65 feet. 

This is the correct value of the radius of a 1° curve to 
two decimal places, but in order to obtain it seven-place 
logarithmic tables must be used; it will not be given exactly 
by five-place tables. In practice, the radius of a 1° curve is 
commonly taken at 5,730 feet. 

If we now refer toa table of natural sines, we shall see 
that for small angles the sines are very nearly proportional 
to the angles, so that the sine of 1°, the deflection angle of a 
2° curve, is approximately and very closely equal to twice the 
sine of 0 30’, the deflection angle of a 1° curve, etc, It is 
therefore evident that the above formula will give values of 
the radius & that are very nearly inversely proportional to the 

“deflection angles, and consequently, to the degrees of curve. 


Fic. 24 


In order to illustrate this, let A B and A C, Fig. .24, be 
radii 5,729.65 feet in length, forming an angle of 1° at the 
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center A; then the arc BC subtended by these radii will be 
100 feet in length. The curve BC is called al1° curve. If, 
from the point O as a center, with a radius O 4 equal to 
2,864.93 feet, we describe an arc 4 D 100 feet in length, the 
radii O B and O D will form an angle of 2° at the center O, and 
the curve BD is called a 2° curve. But, the radius of the 
1° curve, divided by 2, or 5,729.65 + 2 = 2,864.83, is very 
nearly equal to 2,864.93, the radius of the 2°curve. And like- 
wise, the radius of the 1° curve divided by 3, or 5,729.65 + 3 
= 1,909.88, is very nearly equal to the true radius of a 
3° curve, which is 1,910.08 feet, etc. Hence, if we assume 
the radius of a1° curve to be 5,730 feet, and denote the degree 
of curve by D., the approximate value, in feet, of the radius 
of a curve of greater degree can be found by the formula 


5,730 
D, 


The values of the radii given in the Table of Radii and 
Deflections were calculated by formula 10, seven-place 
logarithmic tables being used; values quite close to these, 
however, can be obtained by means of five-place tables. 

The results obtained by formula 11, however, are suffi- 
ciently accurate for most practical purposes, for curves of 
from 1° to 10°. But for sharp curves, that is, for those 
exceeding about 10°, the radii should be found by means 
of formula 10, especially if they are to be used as a basis 
for further calculation. The error increases as the degree 
of curve increases, as is shown by the following examples: 


KS 


(11) 


EXAMPLE 1.—What is the radius of a 4° curve ? 


SoLuTion.—Applying formula 10, knowing that the deflection 
angle Do. of a 4° curve is 2°, we have 


50 
— — 9 
e = D309 = 1,432.66 ft. 
Applying formula 11, we have 
4 
R= es = 1,482.5 ft. 


In this case the error is only .16 foot, and may be ignored in prac- 
tical work. 
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EXAMPLE 2.—What is the radius of a 80° curve ? 
SoLuTION.—Applying formula 10, we have 


et 
Applying formula 11, we have 
5,780 
Rie 7 = 191 ft. 


In this case the error is 2.18 feet. 


EXAMPLES FOR PRACTICE 
Nore.—In the following exercises, compute the radius, (@) by for- 
mula 10 and (4) by formula 11, and compare the results. 


(a) 1,146.3 ft. 
(6) 1,146.00 ft. 


: : 5 ((a) 687.27 ft. 
? 
2. What is the radius of a 9° curve? Ans.4) 636.67 ft. 


(2) 888.05 ft. 
Ans.) 382.00 ft. 


1. What is the radius of a 5° curve? Ans. | 


8. What is the radius of a 15° curve ? 


; : P (a) 287.94 ft. 
? 
4. What is the radius of a 20° curve? Ans.) 286.50°ft. 


OTHER VALUES RELATING TO CURVES 


32. Subchords.—On curves of short radii, that is, curves 
of about 20° and upwards, center stakes are usually driven 
at intervals of 25 feet, nominally, that is, at intervals of 
one-fourth the length of the arc subtended by a chord of 
100 feet. Chords shorter than 100 feet are commonly 
called subchords. For curves of very long radii, the chord 
and arc may be assumed to be of the same length. But 
as the degree of curvature increases, the difference in 
length between the arc and chord also increases, and for 
curves above 20° the excess in the length of the arc over 
that of the chord becomes very considerable. If in Fig. 23, 
the chord BC is 100 feet long, the arc BG H KC must have 
a length greater than 100 feet; and if the arcs BG, G H, 
HK, and K C are each equal to one-quarter the arc BAC, 
then the equal chords BG, GH, HK, and KC subtending 
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these equal arcs must each have a length greater than one- 
quarter BC, or, since 4 C= 100 feet, each of these chords 
must have a length greater than 25 feet. The actual 
length of the subchord can be calculated by means of for- 
mula 9, which, when transposed to express the value of the 
chord, gives 


c=2h sin D (12) 


This formula applies to any length of chord when D 
is the deflection angle for the chord considered. But if 
the chords BG, GH, HK, and AKC each subtend one- 
fourth of the arc B HC, they are equal to each other, and 
according to the principles stated in Art. 26, 3 and 5, 
the angles EB G, GBH, HBK, and K £C are also equal 
to each other, and consequently, are each equal to one- 
fourth the deflection angle £ &C. Hence, the length of 
one of the chords 8 G, GH, HK, or KC, subtending one- 
fourth of the are B HC, is given by merely substituting in 
the above formula the sine of one-fourth the deflection 
angle £ BC. We thus have the following important principle: 

The deflection angle for any fractional part of an arc ts 
equal to the corresponding fractional part of the defection 
angle for the whole arc. 

In applying this principle for the purpose of computing 
the deflection angles for subchords, it is customary to con- 
sider the deflection angle to be proportional to the length of 
the chord. Though this practice is not strictly correct, the 
resulting error is very slight in curves of large radius. 

EXAMPLE 1.—Suppose the curve BAC, Fig. 23, to be a 20° curve, 


and the chord &C subtending it to be 100 feet in length. What is the 
length of the subchord 4G subtending one-fourth the are B HC? 


SoLUTION.—Since the degree of curve is the central angle subtended 
by a chord of 100 feet, and the chord AC is 100 feet in length, the 
central angle BOC is 20°, and as the arc AG is one-fourth of the 
arc & HC, the central angle subtended by the chord B&G is equal to 
4X 20° =5°. The deflection angle for the chord BG, being equal to 
one-half the central angle subtended by the same chord, is equal to 
4X 5° 00' = 2° 380. Or, also, since the deflection angle for the chord BC 
is $< 20° = 10°, according to the principle just stated, the deflection 
angle for the chord & Gis equal to $ x 10° = 2° 80’. Sin 2° 30' = .04862. 
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50 sé 
sin10° 17865 
= 287.94 feet. Hence, by substituting these values in formula 12, we 
get for the length of the subchord AG the value c=2 287.94 
X .04862 = 25.12 ft. Ans. 

Consequently, in measuring each of the subchords BG, GH, HK, 
and AC, 25.12 feet should be used instead of 25 feet. 

EXAMPLE 2.—What is the deflection angle for a chord of 15 feet 
in a 3° curve? 


By formula 10 the radius of a 20° curve is equal to 


SoLuTION.—The deflection angle for a chord of 100 feet ina 8° curve 
is equal to one-half the degree of curve, or 1° 80'= 90’. According to 
the principle stated above, therefore, the deflection angle for a chord 
of 15 feet in a 3° curve is equal to 


15 ; 
700 pe 90' = 138.5 Ans, 


EXAMPLES FOR PRACTICE 
1. The degree of acurve is 5°30’; what is the deflection angle for 


a chord of 16.2 feet ? Ans. 0° 26.7’ 
2. The degree of a curve is 7° 15’; what is the deflection angle for 
a chord of 38.4 feet ? Ans. 1° 234! 
3. What is the length of the chord subtending one-fifth of the arc 
subtended by a chord of 100 feet in a 16° curve? Ans. 20.061 ft. 
4. Ina 10° curve, what is the length of the chord subtending .12 of 
the length of the arc subtended by 100 feet ? Ans. 12.013 ft. 


33. Required Degree of Curve.—In proceeding to 
unite two tangents by a curve when the angle of intersec- 
tion between the tangents has been measured, the first mat- 
ter to be decided is the degree of the curve that is to unite 
them. This will depend on the character of the work and 
the topographical conditions of the surface. In railroad 
work the requirements of the anticipated traffic naturally 
impose a limit on the sharpness of curve or degree of curva- 
ture allowed. On the other hand, while it is always desir- 
able to connect the tangents by as light and easy a curve 
as possible, the conditions of the surface usually limit this, 
especially in hilly country. No satisfactory rule can be 
given, but in general, the curvature should be as easy, that 
is, the degree of curve should be as small, as the conditions 
will permit. 
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The smaller the degree of curve, the greater will be the 
length of curve necessary to effect a given amount of curva- 
ture, and, consequently, the degree of curve is usually deter- 
mined by the length of the line or form and extent of the 
space within the limits of which the required amount of 
curvature must be effected, this being governed by the topo- 
graphical features of the surface and other controlling con- 
ditions. In level country, the degree of curvature will be 
determined by the angle of intersection and the tangent 
distances. (See Art. 34.) When the angle of intersec- 
tion and the length of the radius of the curve have been 
determined, the tangent distances can be calculated by 
means of formula 13, or when the angle of intersection and 
the tangent distances have been determined, the radius of 
the curve can be calculated. For the same angle of inter- 
section, the length of the curve will vary inversely as the 
degree of curvature. It is customary to fix a limiting or 
maximum degree of curvature, according to the require- 
ments of the anticipated traffic, which must not be exceeded. 


34. Tangent Distances.—When the degree of curve 
has been decided, the next step in order is the location of 
the points on the tangents where the curve begins and 
ends. The point where the curve begins is called the point 
of curve, and is designated by the letters P. C.; the point 
where the curve terminates is called the point of tangency, 
and is designated by the letters P. T. According to the 
principle stated in Art. 26, 2, these two points are equally 
distant from the point of intersection of the tangents. The 
distance of the P. C. and P. T. from the P. I. is called the 
tangent distance. The chord connecting the P. C. and 
P. T. of a curve is commonly called its long chord. 

In Fig. 23, let d Band CD be tangents intersecting at 
the point & From the principle stated in Art. 26, 6, we 
know that BOC = FEC; hence, the angle BOE =4F EC. 
From the right triangle & & O, we have 


BE 


Bo 7 tan BOL=tan LFEC 
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If we now let / denote the angle of intersection FEC, 
and 7 the tangent distance B Z, and, remembering that BO 
is the radius , substitute these values in the foregoing 
expression, we shall have, by clearing of fractions, 


Tre tan 4,1 (13) 


From the point of intersection, the tangent distance, as 
determined by formula 13, is measured back on botb tan- 
gents, thus determining the tangent points, as the points B 
and C, Fig. 23. Plugs are driven at both points and cen- 
tered as to line and measurement, and guard stakes are 
driven to indicate their positions. If the numbering of the 
station runs from & toward C, the stake at B will be marked 
P. C., and the stake at C marked P. T., each stake being 
marked also with the number of the statin and the plus. 


EXAMPLE.—Suppose that the intersection angie FEC, Fig. 23, is 
equal to 40° 00’ and it is decided to unite the tangents 4 2 and C D by 
a 10° curve. What is the tangent distance ? 


SoLuTIon.—By applying formula 10, we find that for a 10° curve 
the radius A is equal to 573.7 feet. One-half the intersection angle 
is 20°00’, and the natural tangent of 20° 00’ = .386397. Hence, by 
applying formula 13 we find the tangent distance to be 


LT = Si37T X .386397 = 208.81 ft. “Ans: 


EXAMPLES FOR PRACTICE 


1. The point of intersection of two tangents is at Station 20 + 37 
and the angle of intersection is 16°13’. If the two tangents are united 
by a 8° curve, what is (a) the tangent distance, and (4) the station of 
ae len (CyB he (a) 272.18 ft. 

“((6) Sta. 17 + 64.87 

2. The point of intersection of two tangents is at Station 5 + 84.32 
and the angle of intersection is 59° 20’. If the two tangents are united 
by an 8° 30’ curve, vy. hat is (a) the tangent distance, and (4) the station 
Of these Cr Wwe (a) 384.82 ft. 

DUG) SStan2 


3. Suppose that the point of intersection of two tangents is at 
Station 40 + 25, and the angle of intersection is 21° 35’. Assuming the 
two tangents to be united by a 4° 15’ curve, determine (a) the tangent 
distance, and (4) the station of the P, C. A (a) 257.08 ft. 

“((6) Sta. 37 + 67.97 
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FIELD WORK ; 

35. To Lay Out a Curve With a Transit.—The tan- 
gent points for a curve having been set as described in 
the preceding article, the curve can easily be run in between 
them. Continuing the example of the preceding article, 
suppose the point B, Fig. 23, which is the P. C. of a 10° curve 
to the right, happens to be at Station 58 of the tangent A S, 
and that it is desired to run in the curve between & and C, 
setting a stake at each full station, that is, at the end of 
each chord of 100 feet. ‘The transit is set up at B, the P. C., 
and, with the vernier set at zero, the telescope is sighted to 
the point of intersection A, or it may be backsighted to 4, 
if a more convenient or better sight can be obtained. Since 
the central angle 6 OG, measured by a chord of 100 feet, 
is 10°, the deflection angle £4G subtended by the same 
chord will be one-half 5 OG, or 5°. An angle of 5° 00’ is 
turned to the right on the vernier, giving the line BG, a 
distance of 100 feet is measured from # along the line so 
given, and at the extremity of this measurement the flag is 
lined in by the instrument, giving the point G, or Sta- 
tion 59, at which a stake marked 59 is driven. An addi- 
tional 5° 00’ is then turned off, making 10° 00’ from the 
tangent, and at the end of another measurement of 100 feet 
the flag is lined in and a stake marked 60 is set for the 
point 4. The operation is continued by turning in succes- 
sion angles of 5° 00’each, and measuring for each angle a 
chord of 100 feet, until a total angle of 20° 00’, or one-half 
of the intersection angle, is reached. If the work has been 
performed correctly, the last deflection will bring the head 
chainman to the point of tangent C. Then, moving the 
transit to C, and backsighting to B, the angle BC £, turned 
from the chord AC to the tangent C&, should also be 
20° 00’, = EBC. 
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The P. C. rarely occurs at a full station, however. When 
it comes at a substation, the chord between it and the next 
full station will be a subchord. Had the P. C. of the curve 
come at the substation, say, 57 + 32, the length of the sub- 
chord, or distance to the next full station, would be 100 — 32 
= 68 feet, and the deflection angle for the subchord of 
68 feet would be found as follows: The deflection angle for 
a full station, that is, for 100 feet, is 5° 00’ = 300’; for 1 foot 
it is #80’ — 3’, and for 68 feet it is 68 x 3 = 204’ = 3° 24'. This 
Boles is turned off from zero and a stake is set on the line 
given by the transit at a distance of 68 feet from the P. C., 
which is at Station 58. The remainder of the curve is then 
run in as already explained, except that the last chord pre- 
ceding the P.T. will be a subchord also. 


36. Length of Curve.—The length of a curve uni- 
ting two tangents, as usually understood, is not the actual 
length of the arc, but it is the length between the tangent 
points measured in chords of 100 feet, which length is always 
somewhat less than the length of the arc. Since the degree 
of curve is equal to the central angle subtended by a chord 
of 100 feet, the number of such chords in the curve will be 
equal to the quotient obtained by dividing the total angle 
at the center by the degree of curve. Since also the total 
angle at the center is equal to the angle of intersection 
between the tangents, it follows that when the angle of 
intersection has been measured and the degree of curve 
decided on, the length of the curve, expressed in stations of 
100 feet, can be found by dividing the angle of intersection 
by the degree of curve. The following rule is a statement 
of this principle: 


Rule.—L xpress the angle of intersection tn degrees and 
decimals by reducing the minutes, if any, to decimals of a 
a degree, and divide by the degree of curve, the quotient will 
be the length of the curve, in chords of 100 feet and decimals 
thereof. Thts quotient, when multiplied by 100, wll be the 
length of the curve in feet, as measured in chords of 100 feet. 

1 LT 418B—20 
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The P. C. and P. T. having been set and the station of 
the P. C. determined by subtracting the tangent distance 
from the station of the P. I., the station of the P. T. is found 


by adding the calculated length of the curve to the station 
of theaP. C. 


EXAMPLE.—Suppose that the angle of intersection is 32° 42’, that the 
tangents are to be united by a 6° curve, and that the station of 
the P. C. is 57 + 82. What is (a) the length of the curve and (4) the 
station of the P. T.? é 


SoLuTIoN.—(a) The angle of intersection 32° 42’ reduced to the 
decimal form is equal to 32.7°._ As each central angle of 6° will sub- 
tend a chord of 100 feet, there will be as many such chords in the curve 
as 6 is contained times in 32.7, which is 5.45; that is, there will bein the 
curve five chords of 100 feet each, plus one chord of 45 feet, or in all 
a length of 500 + 45 = 545 feet, which is the required length of the 
curve. Ans. 


(6) The length of the curve 5+ 45, added to the station of 
the P. C., 57 + 82, gives 62 + 77 as thestation of the P. T. Ans. 


Having set all the full stations on the curve, the last chord measure- 
ment is in this case 77 feet, while the total deflection angle from 
the tangent is 16° 21’, or half of the intersection angle 32° 42’. 

Another method of calculating the length of the curve is as follows: 
The sum of all the deflection angles is equal to one-half the intersec- 
tion angle. The intersection angle being 32° 42’, one-half of which, or 
the total deflection for the P. T., is equal to 16° 21’, which, reduced 
to minutes, equals 981’. The deflection for 100 feet is 8° = 3° = 180’, 
and the deflection for 1 foot is 18°’ = 1.8’; then, 981’, the total deflec- 
tion, divided by 1.8’, gives 545 feet as the required length of the curve. 

Ans. 


EXAMPLES FOR PRACTICE 


1. Suppose that 16° 13’ is the angle of intersection between two 
tangents that are united by a 3° curve, and that the P. C. is at 
Station 17 + 64.87. What is (a) the length of the curve and (6) the 
station of the P. T. ? W ee 540.56 ft. 


(6) Sta. 23 + 5.48 


2. Suppose that 59° 20’ is the angle of intersection between two 
tangents that are united by an 8° 80 curve, and that the P. C. is at 
Station 2. What is (a) the length of the curve and (4) the station of 
thepeewlae 

Vr (a) 698.04 ft. 
(4) Sta. 8+ 98.04 


CIRCULAR CURVES 19 


3. Suppose that 21° 35’ is the angle of intersection between two 
tangents that are united by a 4°15’ curve, and that the P. C. is at 
“Station 37+ 67.97. What is (a) the length of.the curve and (4) the 
station of the P. T. ? (a) 507.84 ft. 


§ 
ANS (By \Star dou 75 81 


4. Suppose that 20° is the angle of intersection between two 
tangents that are united by a 4° curve, and that the P.C. is at 
Station 7+ 47.87 What is (a) the length of the curve and (4) the 
station of the P. T.? ( (a) 500 ft. 


anes) (6) Sta. 12 + 47.87 


INTERMEDIATE INSTRUMENT POINTS ON CURVE 


3%. Method by Zero Tangent.—It happens frequently 
that there are obstructions in the line of curve so that 


FIG. 25 


the entire curve cannot be run in from the P. C. on account 
of obstructions to the view. This is usually the case in 
either hilly or timbered country. In such cases the curve 
is run in as far as the stations are visible from the P. C., and 
at the last station that can be seen a hubis set and centered, 
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and the transit moved forward and set up at this interme- 
diate transit point. For example, in Fig. 25, suppose that 
the station at 7, 200 feet from the P.C., which is at B, is 
the last point on the curve that can be set from the P.C. A 
plug is driven at // and centered carefully by a tack driven 
at the point. The transit is now moved forward and set 
up at H. Since the deflection angle L4H is 10° to the 
right, an angle of 10° is turned to the left from zero and 
the vernier clamped. The instrument is then sighted to a 
flag at B, the lower clamp set, and by means of the lower 
tangent screw the cross-hair is made to exactly bisect the 
flag. The vernier clamp is then loosened, the vernier set at 
zero, and the telescope plunged. The line of sight will then 
be on the tangent /P/, and the deflection angles to A and C 
can be turned off from this tangent and the stations at A 
and C located in the same manner that the stations at G 
and // were located from 4. For according to the principle 
stated in Art. 26, 2, the angle at //7B between the tan- 
gent /#/ and the chord B# is equal to the angle EB AH 
between the tangent / 4 and the same chord. 

This method of setting the vernier for the backsight when 
the instrument is moved forward to a new instrument point 
on the curve is favored by many engineers. It is some- 
times called the method by zero tangent. The essential 
principle of the method is that the vernier always reads sero 
when the instrument is sighted on the tangent to the curve at 
the point where the instrument ts set, and the deflection angles 
are made to read from the tangent to the curve at this point 
in the same manner as though this point were the P. C. of the 
curve, 


38. Method by Continuous Vernier.—A method of 
turning off the deflection angles that is commonly employed 
in railroad practice is what is known as the method by 
continuous vernier. In this method, when the.curve has 
been run in as far as expedient from the P. C. and the 
instrument is moved forward and set up over another 
station on the curve, the vernier is set at zero before 
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taking the backsight on the P. C., where the instrument 
was previously set up. The backsight is then taken, 
the centers clamped, the telescope reversed, the plates 
unclamped, and the regular deflection angle for the next 
station is turned off the same as though the instrument 
were at the P.C. The regular deflection angles for the 
stations following the instrument point are turned off 
in order, in the same manner, that is, from the zero at 
the P. C., the same as though the instrument were at 
the P.C. This will be understood more clearly from an 
example. 

Suppose that the Station C, Fig. 25, instead of being the 
P. T. of the curve is merely a point on the curve 400 feet 
from the P. C., which is at #, and that it is the last point 
on the curve that can be set with the instrument at 2. 
Having located the point C, and the transit having been 
moved forward and set up over this point, the vernier is set at 
zero and a backsight taken on the P. C. at &. According to 
the principle stated in Art. 26, 2, the angle BC £ is equal 
to the deflection angle & AC for the Station C; hence, the 
vernier being set at zero when the backsight is taken to B, 
if the deflection angle for Station C, which in this case is 20°, 
is turned off to the right, the telescope will be in line with 
the tangent & YD at the point C. The following stations 
along the curve can therefore be located from this tangent 
by turning off the deflection angles in consecutive order the 
same as though the instrument were at the P. C. at 4, since 
the deflection angle for each station is greater than that for 
the preceding station by the deflection angle for a 100-foot 
chord. Fora 10° curve, the deflection angle for a chord of 
100 feet is 5°, and in this case, therefore, each station follow- 
ing C can be located by deflecting angles of 5°, 10°, 15°, etc. 
in consecutive order from the tangent & D. But since, after 
backsighting to the P. C., a deflection of 20°, corresponding 
to the regular deflection angle for Station C, was turned off 
in order to bring the telescope in line with the tangent £ D, 
it is evident that adding 5°, 10°, 15°, etc., consecutively, to 
the deflection angle for Station C will give 25°, 30°, 35°, 
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etc, as the deflection angles for the stations following C in 
their respective order. Hence, these deflection angles may 
be used in locating the respective stations when the instru- 
ment is at C, the same as though it were at 4, if the vernier 
is set at zero when the backsight is taken to the P. C. at B. 

If it is necessary to move the instrument again and set it 
up at some following station on the curve, from which it is 
impossible to observe the P. C., the vernier may be set at 
the deflection angle for the last instrument point C, in this 
case 20°, and the backsight taken on this point instead of 
setting the vernier at zero, as when sighting to the P. C. 
The stations following the new instrument point can then be 
located by their regular deflection angles, the same as if 
they were located from the P. C. In like manner, with the 
instrument set at any station of the curve, and the backsight 
taken on any station previously located, if previous to 
taking the backsight the vernier is set at the deflection 
angle for the station sighted to, any station visible along 
the curve can then be located by its regular deflection 
angle, the same as though the instrument were set up at 
the 2.0. 

This method possesses the advantage of permitting the 
deflection angle for each 100-foot station along the curve to 
be calculated in regular order by adding one-half the degree 
of curvature to the deflection angle of the preceding station. 
Any portion of the curve can be run in from the notes with- 
out further calculation. The length of curve between any 
two stations can also be calculated from the difference 
between their deflection angles, by dividing twice this differ- 
ence by the degree of curvature. 


DEFLECTION OFFSETS 


39. Tangent and Chord Deflections.—Let 4 B, Fig. 26, 
be a tangent joining the curve BCE A at B. If the tan- 
gent 4 & is prolonged to D, the perpendicular distance D C 
from the tangent to the curve is called a tangential 
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distance, a tangent deflection offset, or simply a tangent 
deflection. If the chord 4C is prolonged to the point G, 
the distance G & is called a deflection distance, a chord 
deflection offset, or simply a chord deflection. 

If the values of the radius OB and the chord BC are 
known, the value of the tangent deflection D C= FE can be 
found in the following manner: Let O/be drawn to the 


middle point of the chord B C; according tothe principle 
stated in Art. 26, 7, OM is perpendicular to BC, and 
since also the tangent & P is perpendicular to the radius OB, 
the right triangles OV B and & D Care similar, and we can 
Writes O62 BM =/E CHD CY But.O'Bisithe radius. BO 
is achord, and YC is the tangent deflection. If we denote 
these values by R, c, and /, respectively, then, since B17 = 4c, 
this proportion can be written in the form A: }c=c: f, 
from which 


fap (14) 
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This formula will give the tangent deflection for any length 
of chord irrespective of any other condition. 

If the chord B C is prolonged to G, and if the distance CG 
— BC=CE, the chord deflection G £& can be found in the 
following manner: Since 4G and C & are perpendicular 
respectively to OM and ON, the angle GCE=MON, 
andsince BC = C E, angle BOC=COE, and angle MOC, 
being 4 BOC, is equal to angle COW, which is $ COE. 
Hence, angleCOZE=MON=GCE. ThetrianglesOCE 
and CG £ are therefore similar, since both are isosceles, and 
the angle GC E.=angle COZ. Hence, we have the pro- 
portion OC: CE=C£E:GE#. Denoting the chord deflec- 
tion GE by d, and substituting A, c, and d for OC, CZ, 
and G £, the above proportion may be written in the form 
Ue == Cosa rom. which 

Ga 
a= R (15) 

From the principles stated in Art. 26, 3 and 5, we know 
that, since the chords 4 C and CZ& are equal, they form 
equal angles with a tangent to the curve at C, and since C F 
is such a tangent and CCG is the prolongation of the 
chord BC, the triangles C/G and CFE are equal; conse- 
quently, G/ = FE and the chord deflection G & is double 
the tangent deflection / E = DC, as is also shown by the 
two preceding formulas. It should be well understood, how- 
ever, that this is the case only when the chords B C and CE 
are equal. . 


40. Tangent and Chord Deflections for Subchords, 
As a basis of calculation, it is convenient to remember 
that, for a chord of 100 feet preceded by a chord of 
the same length, the chord. deflection for a 1° curve is 
1.745 feet. For in Fig. 26, since 8 C= C Eandtriangle CG E 
is similar to triangle O C &, if the angle CO £ is 1° and the 
chord C £ is 100 feet, then from Art. 27, we know that the 
chord deflection G £ is 1.745 feet. Assuming the radius of 
a 2° curve to be equal to one-half that of a 1° curve, etc., 


CIRCULAR ‘CURVES 25 


formula 15 shows that the chord deflection for a 2° curve 
is double the deflection for a 1° curve, or 3.49 feet, and 
so on. The tangent deflection, being one-half the chord 
deflection, will be .873 foot for a 1° curve, 1.745 feet for a 
2° curve, etc. : 

In calculating tangent and chord deflections, distances 
measured either on chords or tangents are expressed as deci- 
mal parts of a station length of 100 feet, which is taken as the 
unit. Thus, the tangent deflection for 75 feet is expressed 
as the tangent deflection for .75 of a station. This method 
of expression, however, is confined entirely to the calcula- 
tion; the deflection is spoken of as the deflection for 75 feet. 


, 


125 
D 


Fic. 27 


The tangent toa curve is fixed in direction, being per- 
pendicular to the radius at the point of tangency. Conse- 
quently, in a curve of given radius, the value of the tangent 
deflection depends wholly upon the length of the chord. 
Formula 14 shows that the tangent deflection is propor- 
tional to the square of the chord. Hence, knowing the tan- 
gent deflection for a chord of 100 feet, the following rule will 
give the tangent deflection for a chord of any other length: 


Rule.—Wultiply the tangent deflection for a chord of 
100 feet by the square of the given chord expressed as the 
decimal part of a chord of 100 feef. 
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Exampie.—Let BKM, Fig. 27, represent a 2° curve. What are 
the tangent deflections for the chords BH, B/, BK, BL, and BM, 
having lengths of 25, 50, 75, 100, and 125 feet, respectively ? 


SoLutTion.—For the chord AZ of 100 feet, the tangent deflec- 
tion CZ is 1.745 feet. Hence, for the chords & H = 25 feet, B/ 
— 50 feet, B K = 75 feet, and B MW = 125 feet, the tangent deflections 
are, respectively, E H = .25? x 1.745 = .109 foot, #/ = .50? x 1.745 
= .486 foot, GK = .75? x 1.745 = .982 foot, and D M = 1.25? x 1.745 
= 2.727 feet. 


It is here assumed that the chords and corresponding tan- 
gents are of equal lengths. This is not strictly true, but is 
near enough when the degree of curve is small. 

The above principle does not apply to chord deflections, 
however. The point G, Fig. 26, is in the prolongation of 
the chord &C, and the value of the chord deflection G & 
is affected by the direction, and, consequently, by the length 
of BC. Since O Wand OW are, respectively, perpendicular 
to the chords ® C and C £ at their middle points, and since 
the radius OC is perpendicular to the tangent C F, we know 
that in. the-triangle GC #, the angle GCP =} 60C and 
FCE=}4COEZ#. Consequently, the triangle G C £ can be 
isosceles and similar to C OF only when the angle COE 
=bO, that is, when BOC =CH#. Herice, formula 15 
applies only when the two chords preceding the station con- 
sidered are of equal length, When these chords are of dif- 
ferent lengths, the chord deflection will be given closely by 
formula 15 if $c (c+ c’') is substituted for c?, where c’ is 
the length of the second chord preceding the station. Or, 
if the zangent deflection f has been computed, the chord 
deflection d@, will be given closely by the formula 


APS (1 te “) (16) 


41, Laying Out Curves Without a Transit.— During 
construction, the engineer is often called upon to restore 
center stakes on a curve when the transit is not at hand. 
This can be accomplished reasonably well with a tape, as 
~described in the following example. 
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Let it be assumed that, in Fig. 28, A 4 is a tangent and B 
is the P. C. of a 4° curve, and let it be required to locate 
each full station on 
ines Curve. «Live 
Points 44 ands 
determine the direc- 
tion of the tangent, 
the point #4 being 
the P. C., which is 
assumed to be at 
Station 8+ 25. For a 4° curve the regular chord deflection 
for 100 feet is 4 x 1.745 = 6.98 feet, and the tangent deflec- 
tion is 3.49 feet. 

ane distance from’ the P. C.’to the next station. © is 
7 teet-\ hence, the “tangent deflection’ C= 275° x 3.49 
= 1.96 feet (Art. 40). The point / is found by first meas- 
uring 75 feet from 4, thus locating the point C in the 
line A B prolonged, then from C measuring C /, = 1.96 feet, 
at right angles to BC; the point /# thus determined will be 
Station 9. Next the chord 4 is prolonged 100 feet to D; 
as BF is only %5 feet, formula 16 gives for DG the 
value 3.49 x (1 + 73,) = 6.11 feet. This distance is meas- 
ured at right anglesto & Y); the point G thus determined will 
be Station10. The point H, which is Station 11, and the P. T. 
of the curve, is determined in the same manner, except that, 
as the chords  G and G # are each 100 feet long, the regular 
chord deflection of 6.98 feet is used for A A. A stake is 
driven at each station thus located. Although a chord deflec- 
tion is not at right angles to the chord theoretically, yet the 
deflection is so small, as compared with the length of the 
chord, that for curves of ordinary degree it is usually meas- 
ured at right angles. 


FIG. 28 


EXAMPLES FOR PRACTICE 


Nore.—In order that the student can compare his results, the 
answers to the following exercises are given to three decimal places, 
although two decimal places are sufficient in practice. 

1. Ina 5° curve, what are the tangent and chord deflections for a 


chord of 67 feet following one of 100 feet ? ae {J ae il laf! Hh 
* Vd = 4,880 ft. 
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ew 


2. Ina 7° 30’ curve, what are the tangent and chord deflections tor 


a chord of 23.5 feet following one of 100 feet ? ro Ba =..o0) ft. 
aid 1 SOT str, 

3. Ina 6° 15’ curve, what are the tangent and chord deflections for 

a chord of 100 feet foilowing one of 84 feet ? ate ee ae 
ie? — lO 080 


4. In an 8° 45’ curve, what are the tangent and chord deflections 
for a chord of 100 feet following one of 72 feet ? fee i ==) "72628" ft. 
GZ =a One 


MIDDLE ORDINATE 


42. Relation Between Radius, Chord, and Middle 
Ordinate.—It is often convenient to know the ordinate to 
a curve at the middle point of a chord, commonly called 
the middle ordinate of the chord. Knowing the positions 
of two points on a curve, the point on the curve midway 
between them can be located easily by means of the middle 
ordinate of the chord connecting the two known points. Or, 
a point on the curve at a distance from either point equal to 
the distance between the points can be located, as will be 
explained farther on. 

The radius of curvature, length of chord, and middle 
ordinate have a fixed relation, and when any two are given 
the other can easily be determined. 
The relation between these values 
can be established and expressed as 
follows: 

Let A 4, Fig. 29, be any chord of 
a circle whose radius is OA = OB, 
and let the chord D & be a diameter 
of the circle perpendicular to the 
chord AB# at its middle point C. 
From geometry we know that when 
two chords of a circle intersect, the 
product of the two segments of one chord is equal to the 
product of the two segments of the other. Hence, we can 
at once write the equation 


EG CIZAACOOGB 
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If we now denote the radius of the circle by R, the 
chord A & by c and the middle ordinate CD of this chord 
c 
9 
by substituting these values in the foregoing equation, we get, 


Dyer tien. since dwt C= OK — wy A CC 


a 


: C 
DI —— 
( mm) m re 


which easily becomes 


2Rm = “+ m0 (17) 


From this equation we can easily write the value of any 
one of the quantities A, c, or min terms of the other two, 
thus: 


Ge mm 


ae Pa >) 


2/2Rm — mm (19) 


maR—a/ R= € (20) 


These are fundamental formulas that apply exactly to all 
cases. Formula 20, as derived algebraically from for- 
mula 1%, has both the + and — signs before the radical, 
but since # is always less than &, it is evident that the 
— sign must be used. 


lI 


EXAMPLE 1.—What is the radius of a curve in which the middle 
ordinate to a chord of 60 feet is .71 foot ? 


SoLuTION.—Substituting known values in formula 18, we have 
60? al 
EXAMPLE 2.—In an 8° curve, what is the length of a chord whose 


middle ordinate is .69 foot ? 


SoLuTion.—The radius of an 8° curve as givenin the Table of Radii 
and Deflections is 716,78. Substituting known values in formula 19, 
we have 


6 = IY STS SS DS PSO a, aly 
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EXAMPLES FOR PRACTICE 


1. What is the radius of a curve in which the middle ordinate of a 


chord of 50 feet is .5 foot? Ans. 625.25 ft. 
2. What is the length of the middle ordinate of a chord of 100 feet 
in a 6° curve? Anssii alert. 
3. The radius of a curve is 1,146.28 feet. What is the length of a 
chord whose middle ordinate is .55 foot ? Ans WicOitts 
4. What is the length of the middle ordinate to a chord of 100 feet 
in a curve whose radius is 800 feet ? Ans. 1.56 ft. 


TO DETERMINE DEGREE OF CURVE FROM MIDDLE 
ORDINATE 


43. It is sometimes necessary to determine the radius 
or the degree of a curve in an existing track when no 
transit is available for measuring it. By measuring the 
middle ordinate of any convenient chord, the degree of 
the curve can be calculated from the relative values of the 
ordinate and chord. Since the track is likely not to be in 
perfect alinement, it is well to measure the middle ordinate 
of different chords in different parts of the curve. As also 
the middle ordinate of a chord measured to the inner rail 
will somewhat exceed the middle ordinate of the same chord 
measured to the outer rail, the ordinate of each chord should 
be measured to both rails and the average of the two taken 
as the value of the ordinate. Having measured the middle 
ordinate of one or more chords, the radius of curvature can 
be determined by applying formula 18. For calculating 
the degree of curve. either of the two following methods 
may be applied. 


44, First Method.—Equating the value of R expressed 
by formula 11 with that expressed by formula 18, we have 
SRLS Peay m 
~~ 8m <P 2 

Since any method of determining the degree of curve from 
the middle ordinate as measured on the rail can be only 


approximate by reason of the imperfect alinement of the 
track, and since also the last term of this equation has a 


c 
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very small vaiue as compared with the other terms, it can 
be dropped from the equation without material error, so that 
by solving for D, we shall have 


_ 45,840 m 


D : (21) 


in which ¢c and # are both measured in the same unit. If 
we denote the length of the chord, expressed as the decimal 
part of a station length of 100 feet, by c,,, this may also be 
expressed by the closely approximate formula 


D9 MM 
D,= = 22 
: Pica ad) 
EXAMPLE.—Suppose that A B, Fig. 30, is a chord of 50 feet, and 
that its middle ordinate a 3, ; 


Sep ee a AUG SG nia anatngeten ote 
B 


What is the degree of the 4 a 
curve ? Fic. 30 


SoLuTION.—By substituting the given values in formula 21, we 


have 
_ 45,840 «x .44 


Dig = ea 8.07 (nearly) 


Or, by substituting the given values in formula 22, we have 


55 x .44 


Do = T5350 x80 


= 8.07 (nearly) 


For this result it would be assumed that the original curve was an 
8° curve. 


45. Convenient Rules for Determining the Degree 
of Curve.—By reference to formula 21, it will be seen 
that for any given length of chord c the degree of curve D, 
varies directly as the middle ordinate m. Although this 
is not exactly the case, as was shown in the derivation 
of this formula, it is so nearly the case that for practical 
purposes the condition may be assumed. This assumption 
is of considerable practical value, as it affords a simple 
method of determining the degree of curve when the middle 
ordinate is measured to a chord of given length. For con- 
venience, let formula 21 be written in the form 


c* D, = 45,840 m 
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For a chord of 100 feet in a 1° curve, ¢ has a value of 100, 
while D, is unity. By substituting these values in this 
equation and solving for the value of 7, we get 


= “Mo =, 218. very closely, 
which is the value of the middle ordinate to.a chord of 
100 feet ina 1° curve. As just stated, formula 21 shows 
that for any given length of chord the degree of curve varies 
directly as the middle ordinate. Hence, we have the follow- 
ing rule for determining the degree of a curve: 


Rule I.—Measure the middle ordinate to a chord of 
100 feet, express wt in feet and decimals of a foot, and divide 
by .218 ; the quotient will be the degree of the curve. 


This is a convenient rule except that the value .218 is not 
a very convenient divisor. We can choose any convenient 
value for the ordinate, however, and by substituting it in 
formula 21, determine the length of chord in a 1° curve 
for which the value chosen is the middle ordinate. Remem- 
bering that ), is equal to unity, by substituting a value 
of .2 for # in the above equation and solving for the value 
of c, we get 

c = 745,840 X .2 = 95.75, very closely, 


which, in a 1° curve, is the length of chord, expressed in feet 
and decimals of a foot, whose middle ordinate has a value of 
.2 of afoot. Hence, in a curve of any degree, the degree 
of curve is equal to the middle ordinate of a chord of this 
length divided by .2, and since dividing .2’is the same as 
multiplying by 5, the following rule may be used for deter- 
mining the degree of a curve : 


Rule U.—Measure the middle ordinate to a chord of 
95.75 feet, express it in feet and decimals of a foot, and mul- 
tiply by 5, the result will be the degree of the curve. 

In like manner, if we substitute a value of .1 for #7 in the 
above equation and solve for the value of c, we shall get 


¢ = 745,840 % ss =. 67.71, very closely, 
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which, in a 1° curve, is the length of chord, expressed in 
feet and decimals of a foot, whose middle ordinate has a 
value of .1 of a foot. Hence, ina curve of any degree, the 
degree of curve is equal to a chord of this length divided 
by .1, and since dividing by .1 is the same as multiplying 
by 10, we have the following convenient rule for determining 
the degree of a curve: 


Rule I1.—WMeasure the mtddle ordinate to a chord of 
67.71 feet, express it in feet and decimals of a foot, and mut- 
tiply by 10; the result will be the degree of the curve. 

Again, if we substitute a value of 1 inch, = 4, foot, for m 
in the preceding equation and solve for the value of c, we 
shall get 

c = 45,840 x 345 = 61.81, very closely, 
which, in a 1° curve, is the length of chord, expressed in feet 
and decimals of a foot, whose middle ordinate has a value of 
linch. Hence, the following rule will give the degree of a 
curve directly: 

Rule IV.—Measure the middle ordinate to a chord of 
61.81 feet, express 1t 1n inches and decimals of an inch, the 
result will be the degree of the curve. 


46. Second Method.—Let CD, Fig. 31, be the middle 
erdinate vot any; given. chord; A 4 of the curve AD 4, 
and let AD be a chord drawn D 
from the extremity A of the given R 
chord to the point JY, where its 
middle ordinate intersects the 
curve. If we draw the radial 
line O Eto the middle point £& of 
the chord A D, it will evidently 
divide the angle AOD _ into 
two equal parts, so that AOE 
Oe pe Ow) = tA OB. Hehe 
(See Art. 26, 5.) From the prin- 3 
ciple stated in Art. 26, 7, it is also evident that this radial 
line O Lis perpendicular to the chord A JV, and since the 
triangles d DC and O DE each have one right angle, while 

ILT 418B—21 
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the angle .4 DO is common to both, the triangles are similar 
and the angle DA C is equal to the angle ) O £, which is 
equal to the angle A O &, and to one-fourth the angle d OB 
subtended by the given chord. We can therefore write 


DC 


TO = tan DAG ea tama A iB 


Since A C is one-half the given chord, )C is the middle 
ordinate and A OF is the angle subtended by the given 
chord; if we denote the given chord byc, its middle ordinate 
by m, and the central angle subtended by the chord by a, 
this expression may be written 


Wy: = tania (23) 

This isa generalformula applying to any chord of a circle 
and may be expressed by the following general principle: 

The quotient obtained by dividing the middle ordinate to 
any chord by one-half the chord ts equal to the natural tan- 
gent of one-fourth the central-angle subtended by the chord. 

Since the degree of a curve is the central angle subtended 
by a chord of 100 feet, and since dividing the middle 
ordinate by one-half the chord is the same as dividing 
twice the middle ordinate by the whole chord, we may write 
the following rule for determining the degree of curve by 
means of the middle ordinate to a chord of 100 feet: 


Rule I.— 7%wice the middle ordinate to a chord of 100 feet, 
divided by 100, ts equal to the natural tangent of one-fourth 
the degree of curve. 


For chords of lengths other than 100 feet, the quotient 
obtained by dividing twice the middle ordinate by the chord, 
formula 23, will be the tangent of one-fourth the central 
angle subtended by the chord. In order to obtain the degree 
of curvature in such cases, the following rule may be 
applied, which, though not exact, will give it very closely. 


Rule IL.— Multiply the central angle by 100 and divide the 
product by the length of the chord employed. 
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EXAMPLE.—Suppose that 4 &, Fig. 30, is a chord of 50 feet, and that 
the middle ordinate a4 is .44 of a foot. What is the degree of curve? 


SOLUTION.—By substituting the given values in formula 23, we have 


PSE 
as = .0176 = tan }a = tan 604 (closely), 


from which we get for the central angle the value 
a=4x 60} = 242’, 


and by applying the preceding rule, we have for the degree of curve 
242’ x 100 = 484' = 8° 4’. Ans. 


EXAMPLES FOR PRACTICE 


Nove.—The answers to the following exercises can be obtained by 
either of the methods just explained. In order to obtain the exact 
answers by the second method, however, the angle must be determined 
to the nearest second, although results sufficiently accurate for the 
purpose can be obtained by taking the angle to the nearest minute. 


1. The length of chord is 50 feet, the middle ordinate is .85 foot; 
what is the degree of curve? Ans. 6° 25’ 


(The original curve probably 6° 30’.) 


2. The length of chord is 40 feet, the middle ordinate is .21 foot; 
what is the degree of curve? Ans. 6,02° 


(The original curve probably 6°.) 


3. The length of chord is 25 feet, the middle ordinate is .22 foot; 
what is the degree of curve ? Ans. 16.13° 


(The original curve probably 16°.) 


4. The length of chord is 35 feet, the middle ordinate is .27 foot; 
what is the degree of curve ? Ans. 10.10° 


(The original curve probably 10°.) 


OTHER USES OF MIDDLE ORDINATE 
44%. Middle Ordinate to Chord of Two Stations.— 
ete D 5S Bis.. 32,0be avportion. of» any (circular, curve; 
inswhich AyD v=) &, is 
the regular distance be- 
tween stations, usually 
100 feet, and AB is a 
chord connecting two 
alternate stations. If Ce 
we let c, denote the chord AB, m, denote its middle 
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ordinate C D, and FR denote the radius of the curve, then by 
formula 17% we have 


2 
Cy 
IN i (Bi ri + m= 


But since 2 = A.C, is. the-base, and a, = CJ) ise alter 


tude, of the right triangle A CD, if by c we denote the 
regular station chord A JY, which is the chord of half the 
arc A DB and the hypotenuse of the triangle, we can write 
the equation 


Ce 
vi = gm eC, 


and by substituting c’ for the last member of formula 1% 
as written above, this equation becomes 


Dp it, = ee 
from which 
ph 
mM, = 2R (24) 


This equation gives the same value for m, as formula 14 
gives for f, which should evidently be the case. For, if we 
draw a line ) £ tangent to the curve at the middle point D 
of the arc, it will be parallel to the chord of the whole 
arc A B, so that the perpendicular distance A & between 
the extremity of the chord and the extremity of the tan- 
gent will be equal to the middle ordinate C D. 


48. To Lay Out a Curve by Middle Ordinate.—One 
of the most expeditious methods of laying out a curve 
without the aid of a transit is by means of the middle ordi- 
nate to a chord that subtends an arc of twice the length 
subtended by the chord for a regular station. 

Let ABS, Fig. 33,;be a tangent, and B the P. C: of the 
curve BCD £, which it is desired to lay out on the ground 
when no transit is available. The distance BC’, equal to 
100 feet or one station length, is measured in line with the 
tangent 4 4, the head chainman keeping in range by means 
of a stake at / and a flag held at A, anda temporary stake 
is driven at the extremity C’ of the measured distance. The 
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tangent deflection C’C is then calculated by formula 14; 
this distance is measured at right angles to BC’, the pro- 
longation of the tangent, anda stake is driven at the point C 
onthecurve. The middle ordinate CV of the long chord BD 
is then measured as nearly at right angles to the chord as — 
can be judged and a temporary stake is set at WZ. The 
middle ordinate C J7 can be calculated by formula 243 it is 
equal to the tangent deflection C’C, as has been shown. 
The rear flag is then held at 4, the rear end of the chain is 


FIG. 33 


held at C, and the head chainman stretches out the chain 
and swings the forward end around until it is in range with 
the stake at MW and the flag at 4, thus determining the 
point D on the curve, at which a stake is then driven. 
Continuing, a temporary stake is set at the extremity V 
of the middle ordinate to the long chord C & as measured 
from ZY, and, with the rear end of the chain held at D, the 
forward end is brought in range with this temporary stake 
and the flag held at C, thus determining the point &. The 
remaining points on the curve are located in the same 
manner. 


49. Ranging in the Head Flag on Curves.—The 
facility with which a curve can be laid out in the field will 
depend largely on the ability of the head flagman, who is 
also the head chainman, to keep in line and find quickly the 
approximate positions of the various points on the curve at 
which stakes are to be driven, so that when lined in at each 
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point by means of signals from the transitman, it will only 
be necessary to move his flag a few inches in order to be at 
the true point on the curve. In order to facilitate the field 
work of laying out curves, the following method is suggested 
to aid the head chainman in keeping the line. 

Let us suppose that the curve is 6° and is to be laid out, 
as shown in Fig. 34, with stakes set at intervals of 50 feet. 


Fic, 34 


With the instrument set up over the P. C., which is at 
Station 60+ 70, the first stake to be set is at Station 61, 
which is 30 feet from the P. C. The rear chainman holds 
the 30-foot mark on the chain at the P. C., and the head 
chainman holds his flag at the forward end of the chain and 
moves it to the right or left, according as the transitman 
may signal, until at the point for Station 61, at which point 
the stake for this station is driven. The rear chainman now 
moves up to this station and holds the 50-foot mark on the 
chain at the stake just set, while the head chainman with his 
flag held at the forward end of the chain gets the point for 
Station 61+ 50. The rearchainman remaining at Station 61 
allows the chain to be drawn forward to its full length of 
100 feet and then holds the rear end at the stake, while the 
head chainman measures the distance and is ready to get 
the point for Station 62. He ranges in his flag by holding 
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it in such a position that by sighting from the flag to 
Station 61 the line of sight passes in front of the stake at 
Station 61+ 50 by an amount about equal to the middle 
ordinate of the given curve for a chord of 100 feet; the cor- 
rect jine is then given by the transitman. The rear chain- 
man then moves up to Station 62 and holds the 50-foot mark 
on the chain at this station while the head chainman gets 
the point for Station 62 + 50, as before, and then holds the 
rear end of the chain at the same station while the head 
chainman gets the point for Station 63, and so on around 
the curve to Station 64, which is the last full station on the 
curve. He then holds the 60-foot mark on the chain at 
Station 64 while the head chainman gets the point for the 
P. T., whichis at Station 64 + 60. In thiscase, the P. T. is 
only 10 feet beyond 64 + 50, and it will therefore be unneces- 
sary to set a stake at the latter point, since the additional 
10 feet in the length of the chord is unimportant. 

Before starting to run out the curve, the head chainman 
should ascertain the value of the middle ordinate for a chord 
of 100 feet in a curve of the given degree. He can obtain 
this from the transitman, or, when the stakes are to be set 
at intervals of 50 feet, can himself calculate it by multiply- 
ing the degree of curve by the decimal .218, or, near enough 
for this purpose, by the decimal .22; the result will be the 
middle ordinate in feet. (See Art. 45.) By estimating 
with the eye a distance from the preceding station equal to 
the ordinate, and ranging in the flag in the manner just 
described, the head chainman, after a little practice, can 
place his flag within a few inches of the required point, 
unless the curve happens to be on unusually rough ground. 

If stakes are set on the curve only at the regular stations, 
100 feet apart, substantially the same method can be 
employed for ranging in the head flag after the first two con- 
secutive stakes 100 feet apart have been set. In this case 
the middle ordinate of the long chord, or the distance from 
the preceding stake to the line of sight from the flag to the 
second preceding stake, can be calculated by formula 24, 
by merely substituting the value of cand Rk. Ina 1° curve, 
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the middle ordinate for a chord of two stations, as given by 
100 x 100 _ 
2x 5,730 
ordinate for ranging in the head flag on a curve, when the 
stakes are set at the regular stations only, can be found near 
enough for the purpose by multiplying the degree of curve 
by the decimal .87; the result will be the ordinate in feet. 


this formula, is equal to .873 foot. Hence, the 


PASSING OBSTACLES ON CURVES 


50. Different methods may be employed for passing 
obstacles on curves, depending on the conditions encoun- 
tered and the ingenuity of the engineer in adapting the 
method to them. Three of the simplest and most common 
of the methods employed will be explained. 

Suppose that it is required to run out the curve 4 & H, 
Fig. 35, with several obstacles in the direct line of the 
curve, as shown, Station 3 being the P. C., and the regular 
stations on the curve being in the positions indicated by the 
numbers 4, 7, 8, etc. The positions of Stations 5 and 6 are 
indicated by the letters C and D, the figures 5 and 6 being 
omitted for want of space. The’stations are to be located 
in their proper positions on the curve, between the obstruc- 
tions, wherever it is possible to do so. In addition to this, 
it is customary to mark with a tack or otherwise the point 
where the line of the curve intersects each obstruction. 

Beginning at the point of curve A, which is at Station 3, 
we can run in the curve as far as the first obstruction, which 
is the building P, setting the stakes on the curve at Sta- 
tions 4 and 5, and a tack in the side of the building Pat the 
point where the line of curve intersects it, according to the 
deflection angle as determined by its distance from Station d. 
We cannot proceed further in the regular manner, however, 
because Station 6 cannot be seen from the P. C. The most 
expeditious method of passing the buildings and locating the 
subsequent stations on the curve will depend on the condi- 
tions encountered. The three methods here explained are 
all susceptible of more or less modification. 
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by Equilateral Triangle.—The 
easiest way of passing a single obstacle in the line of the 


Ll 


Poa 
- 
- 
- 
_— 
- 


1V1G. 35 
curve, stich as the building P, Fig. 35, is by means of an 
equilateral triangle. 


The operations are performed as 
explained in the following paragragh. 


The instrument is moved forward and set up at the 

point C, which is at Station 5, is sighted back to the P. C., 

which is at Station 3, the telescope is reversed, and the 
deflection angle for Station 6 is turned off the same as if no 
obstruction existed; the telescope will now be sighted on the 
line CD, although the point D, or Station 6, will not be 
visible, because the building P obstructs the view. The 
ingle D CK, equal to 60°, is then turned in either direction, 

as may be most advantageous for passing the building; in 
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the figure it is shown turned to the left. The distance CK 
is then measured on the line thus determined, equal to the 
distance C D, in this case 100 feet, and a transit point X is 
set in the line at the extremity of this distance. The transit 
is then moved forward and set up at K, sighted back on 
C, and the angle C KX D, equal to 60°, turned to the left, 


’ 


giving the line AD. A distance equal to CX, in this 
case 100 feet, is measured on this line, and a transit point D 
is set at the extremity of the measurement. This point will 
be Station 6 on the line of the curve and in its proper posi- 
tion at a distance of 100 feet from Station 5. The transit 
is now moved forward and set up at J, the vernier set 
at the reading for Station 5, and an angle of 60° turned to 
the right from this reading. The telescope is then back- 
sighted on A, and the vernier is turned back to the regular 
deflection for Station 6. The instrument is now sighted on 
a tangent to the curve at Station 6, and any point on the 
curve visible from this station can easily be established by 
turning off a deflection angle corresponding to its distance 
from the instrument. The point back on the curve where 
the line of curve intersects the building P is marked by a 
tack or otherwise, as is also the point forward on the 
curve where the line of curve intersects the building Q. 
No other stations can be seen from Station 6, however, 
though the point for Station 7 can be set from Station 6 by 
the method just explained, and from this point Station 8 can 
be located directly. Station 9 cannot be located from Sta- 
tion 7 by reason of the intervening building S, but by setting 
up the transit at Station 8, the building can be passed and 
this station located, and the remainder of the curve can 
then be completed regularly. 


52. Second Method: by Long Chord.—With the con- 
ditions as shown in Fig. 35, however, Stations 5, 6, 7, 
and 8 can be located from the point 2, which is Station 4. 
Station 7 can be located by means of the long chord B / and 
its deflection angle V’4 #, turned from the tangent BV’ to 
the curve at 4. Stations 5 and 6 can then be located by means 
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of the ordinates C’C and D’ D measured to the curve at 
right angles to the chord BE from the points C' and D’ 
located on the chord. Station 8 can be located by means of 
the deflection angle V’ & F and the chord £ F, both of which 
are measured in the regular manner. The operations in 
detail and the calculations necessary to locate Stations 5 
and 6 are as follows: 

With the transit set at B, the method of continuous vernier 
is used as explained in Art. 38, and the deflection cor- 
responding to Station 7 is turned. If it is found that 
the line of sight will miss both obstructing buildings P 
and Q, the distance BE is measured, and the stake 
for Station 7 is set in the line given by the instrument. 
The length of the chord LF can be calculated from the 
deflection angle V’S£ that is turned from the tangent V2, 
in order to give the direction of the chord. From for- 
mula 12, we have for the length of the chord B & the value 


G—Preasine), 


In this case the distance from 4, measured on the curve, 
is three full stations, and therefore the distance BE can be 
taken from a table of long chords, such as may be found in 
most engineers’ field books. 

If desired, Stations 5 and 6 can be located from the 
chord & £ by calculating the ordinates C’ Cand D’ D tothe 
curve at Stations 5 and 6, respectively, and the dis- 
tances JJ C'and MD’ from the center J7 of the chord to 
each respective ordinate, as measured along the chord. In 
this case these ordinates are of equal length, since they are 
at equal distances from the center J/ of the long chord B £, 
but the same general method will apply to any case. 

From Fig. 36, which represents in a somewhat exagger- 
ated manner the portion of the curve between Station 4 
ands init sismevident, that. GuG,—WWiP— VP, )Sificesthe 
angle 2 O Pis equal to the angle V’ B £, which is the deflec- 
tion angle D for the long chord 2 &, and the distance O 
=u) Bd< C0583 72. cos, DL we,can write 


M P= R (1— cos D) 
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Also, since in this case the arc C P is one-half of the 
arc CD, which latter arc is equal to the arc BG, sthe 
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FIG. 36 


angle C OP is equal to one-third the angle B O P, or  D, 
we can also write 
NP= R(1—costD) 
Hence, we have for the ordinate C’ C the value 
C'C= R(1— cos D) — R(1 — cos} PD) = R (cos 4 D—cos D) 
The value of the ordinate D’ PD is found in the same man- 


ner, and in this case is the same. 
In order to locate the point C’ on the chord B £, we have 
MC" ze dV Come ds, SU Add 

The distance J/7 D’, locating the point D’, is found in the 
same manner, and in this case is the same. 

Having determined these values, in order to locate Sta- 
tions 5 and 6, we have merely to bisect the chord 2 & and 
lay off the distances 7 C’ and 7D’ on it from the middle 
point, then measure the ordinates C’C and D' D from the 
points so determined, thus locating the points C and D, 
which are the stations required. Or, what amounts to the 
same thing, we measure along the chord BE the dis- 
tance BC", equal to one-half the length of the chord minus 
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the distance 1/7 C’, thus locating the point C’, and from this 
point measure the distance C’D’, equal to twice the dis- 
tance WC’, thus locating the point D’; the ordinates C'C 
and D’D are then measured from these points. 


53. Third Method: by Concentric Parallel Curve. 
Let it be required to runacurve A AC D, Fig. 37, connecting 


FIG. 37 


the tangents K A and YL, and suppose that EASON 
lie directly in the path of the curve, and that the point 
of intersection V is also inaccessible, as shown. » A con- 
centric parallel curve & “GH may be run in such posi- 
tion as to avoid the obstacles, and from the stations on this 
parallel curve the corresponding stations on the required 
curve can be located. The intersection angle / is equal 
to the sum of the angles V KZ and VL K, and by meas- 
uring these angles and the distance AL, the distances 
VK and VL can be calculated by the general principles 
of sines. The tangent distances VA and V D can then be 
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calculated by formula 18. The distance X A being the dif- 
ference between the distances V K and V A, and the distance 
LD the difference between the distances V Z and V D, the 
points A and J, which are, respectively, the P. C. and P. T. 
of the curve, can at once be located. 

Having located the P. C. and P. T., the equal distances 
A Eand DH are measured perpendicular, respectively, to 
the tangents K A and DL and of such length that the par- 
allel curve £ /G H connecting their extremities and // will 
avoid the obstacles, and transit points are set at & and / in 
the positions thus determined. It is evident that while the 
angle A O D remains constant, the chords £ F, FG, and G 7 
in the curve &/G fare shorter than the corresponding 
chords A B, BC, and CD of the required curve, since they 
are nearer the common center O of the two curves. The 
triangles A OB and £ OF are similar and therefore their 
sides are proportional. Hence, 


OO Or at ase 


if we denote the radius O A of the required curve by &,, 
the radius O £ of the parallel curve by &,, the chord A & of 
the required curve by c,, and the corresponding chord & F 
of the parallel curve by c,, then from this proportion we can 
write the formula 


aan = (25) 

The deflection angle |” £ F is equal to V A B, because the 
corresponding sides are parallel, and for similar reasons all 
the deflection angles of the parallel curve are the same as 
the corresponding ones for the required curve. The transit 
isset up at 4, backsighted to 4, and the angle 4 ZV’, equal 
to 90°, is turned, giving the direction of the tangent ZV’, 
from which the deflection angles for the curve / /G H are 
turned off in the regular manner and a transit point is set at 
each station by measuring each chord £ /, /G, and GA of 
the proper length, as calculated by formula 25. The transit 
is then set at a point on the parallel curve, as at /, and 
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by backsighting to another point on the curve, as £, and 
turning off the deflection angle, the line of sight is directed on 
a tangent to the curve at the instrument point. Then, by 
turning a right angle from this tangent and measuring 
from / the distance / B equal to A £, a stake may be set 
locating the point 4 on the required curve. In a similar 
manner each of the stations on the required curve can be 
located. 


EXAMPLE.—Suppose the required curve 4 BCD, Fig. 87, is a 
7° curve and that the offset distance 4 &, = DH, necessary to avoid 
the obstacles, is 90 feet, what is the length of each of the chords £ 7, /'G, 
and G // of the parallel curve in order that the corresponding chords 
of the required curve will each be 100 feet in length ? 


SoLuTIon.—The radius of a 7° curve is 819.02 feet, which is the 
radius O A = &,; the radius OF is therefore 819.02 — 90 = 729.02 
= R,. The length of each of the chords A 4, BC, and C D is 100 feet, 
=c,. By substituting these values in formula 25, the length of each 
of the chords & /, /G, and G # is found to be equal to 

729 .02 


BS OOS 819.03 = 89.01 ft. Ans. 


EXAMPLES FCR PRACTICE 


1. Determine the middle ordinate to a chord connecting two alter- 
nate stations in a 4° curve, the consecutive stations being 100 feet 
apart. Ans. 3.49 ft. 


2. The degree of curve is 5°; what is the middle ordinate to a 
chord of 300 feet ? Ans, 9.81 ft. 


3. Assuming that 4 2H, Fig. 35, is a 6° curve, and that the 
stations are 100 feet apart, determine the length of the long chord 2 £, 
the ordinate C’ C, and the distance 1/7 C". BE = 298.90 ft. 

ING, CME zs Oa ane, 
larc = OOLOO Mite 


4. Referring to Fig. 37, let the required curve 4 BCD bea 
4° curve, let the chords 4A 2, AC, and CD each be 50 feet in length, 
and let the offset distance 4 EL, = D A, necessary to avoid the 
obstacles, be 75 feet. Determine the length of the chords £7, /G, 
and G # of the parallel curve. Ans. 47.38 ft. 
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FIELD NOTES FOR CURVES 


54. As stated in another section, various styles of field 
notebooks are published, in which the pages are ruled to 
suit the different kinds and methods of field work. The 
following, which are the field notes of a portion of a line 
containing a curve, represents a good form for recording 
the field notes of a curve that is run in by the method 
of zero tangent explained in Art. 3%. 


Mag. Bearing. 


5+80+ 
5+60- 


Int. Angle =15°00° ik <°Curve BR 
T-188.61 ft. Def. Angle for 50 ft:1 
P.C=3+20 [Def Angle for 1 ft1.2 


| y.20°5’R. | N.20°15'E. 


In the first column the station numbers are recorded. 
In the second column are recorded the deflections with the 
abbreviations P. C. and P. T., together with the degree of 
curve and the abbreviation A or ZL, according as the line 
curves to the right or left. At each transit point on 
the curve, the total or central angle from the P. C. to that 
point is calculated and recorded in the third column. This 
total angle is double the deflection angle between the P. C. 
and the transit point. In the above notes, there is but one 
intermediate transit point between the P. C. and the P. T. 
The deflection from the P. C. at Station 3 +.20 to the inter- 
mediate transit point at Station 4 + 50 is 2° 36’. The total 
angle is double this deflection, or 5° 12', which is recorded 
on the same line in the third column. The record of total 


CIRCULAR CURVES 49 


angles at once indicates the stations at which transit points 
are placed. The total angle at the P. T. will be the same 
as the angle of intersection, if the work is correct. When 
theseurve is finished, the! transit is Set up atvthe P T., 
and the bearing of the forward tangent taken, which affords 
an additional check upon the previous calculations. The 
magnetic bearing is recorded in the fourth column, and the 
deduced, or calculated, bearing is recorded in the fifth 
column. 

When the method by continuous vernier is employed for 
running in the curve, the notes will be substantially the 
same as given, with the exception that the deflection angles 
will increase continuously from the P. C. throughout the 
entire curve by adding the proper amount for each station 
to the deflection angle for the preceding station. The 
deflection angles will then have the values 8° 36’, 4° 36’, 
5° 36’, 6° 36’, and 7° 30’ for Stations 5, 5+ 50, 6, 6+ 50, 
and 6 +95 of the foregoing notes, respectively, instead of 
starting anew for Station 5. 


ILT 418B—2z 


50 CIRCULAR CURVES 
TABLE OF RADII AND DEFLECTIONS 
a“ Tan- 2 Tan- mn - Tan- 
Chor ent Chor ent hor gent 

De-| Raaii |Defec-| De- || Pe-.| Radii |Deflec-| ‘De- || Pe- | Radii |Defiec-| ‘De- 

BIC tion flec- |] 8TES tion flec- || 8T&e tion flec- 

tion tion tion 

° , or ° J 

o 5 | 68754.94 +145 -073 || 5 15 |1091.73 9.160 | 4.580 |\10 50 | 529.67 | 18.880 | 9.440 
ro | 34377-48 -2Q91 +145 20 |1074.68 9-305 | 4-653 
15 | 22918.33 . 436 218 25 |1058.16 | 9.450 | 4.725 ||1z © | 521.67 | 19.169 | 9.585 
20 | 17188.76 582 291 30 |1042.14 | 9.596 | 4.798 Io | 513-91 | 19-459 | 9-729 
25 | 13751-02 +727 364 35 |1026.60 9-741 | 4.870 20 | 506.38 | 19.748 | 9.874 
jo | 11459.19 -873 +436 4o jrorr.5t | 9.886 | 4-943 30 | 499.06 | 20.038 | 10.019 
35 9822.18 1.018 +509 45 | 996.87 | 10.031 | 5.016 || 40 | 491.96 | 20.327 | 10.164 
40 8594.41 1.164 -582 50 | 082.64 | 10.177 | 5.088 50 | 485.05 | 20.616 | 10.308 
45 7639-49 1.309 -654 55 | 968.81 | 10.322 | 5.161 
50 6875.55 1.454 727 l12 © | 478.34 | 20.906 | 10.453 
55 6250.51 1.600 800 ||6 © | 955.37 | 10.467 | 5 234 10 | 471.81 | 21.195 | 10.597 

5 | 942 29 | 10.612 | 5.306 20 | 465.46 | 21.484 | 10.742 

tr 0 5729-65 1.745 -873 10 | 929.57 | 10.758 | 5-379 30 | 459-28 | 21.773 | 10.887 
5 5288.02 1.891 -945 15 | 917-19 | 10.903 | 5-451 40 | 453-26 | 22.063 | 11.031 
10 4QIt.I5 2.036 1.018 20 | go5.13 | 11-048 | 5.524 50 | 447.40 | 22.352 | 11.176 
15 4583-75 2.182 1.091 25 | 893-39 | 11-193 | 5-597 
20 | 4297.28 2.327 1.164 30 | 88r.95 | 11.339 | 5-669 ||13 © | 441.68 | 22.641 | 11 320 
25 4044.51 2.472 1.236 35 | 870.79 | 11.484 | 5.742 Io | 436.12 | 22.930 | 11.465 
30 | 3819.83 2.618 1.309 40 | 859.92 | 11.629 | 5.814 20 | 430.69 | 23.219 | 11.609 
35, 3618.80 2.763 1.382 45 | 849.32 | 11.774 | 5-887 30 | 425.40 | 23.507 | 11.754 
40 3437-87 2.909 1.454 50 | 838.97 | 11.919 | 5.960 40 | 420.23 | 23.706 | 11.898 
45 3274.17 3-054 T5277) 55 | 828.88 | 12.065 | 6.032 50 | 415.19 | 24.085 | 12.043 
50 3125.36 3.200 1.600 
55 | 2989.48 | 3.345 1.673 |] 7 © | 819.02 | 12.210 | 6.105 ||/14 © | 410.28 | 24.374 | 12.187 

5 | 809.40 | 12.355 | 6.177 1o | 405.47 | 24.663 | 12.331 

20 2844.93 3.490 1.745 10 | 800.00 | 12.500 | 6.250 20 | 400.78 | 24.951 | 12.476 
5 2750.35 3.636 1.818 15 | 790.81 | 12.645 | 6.323 30 | 396.20 | 25.240 | 12.620 
10 2644.58 3.781 1.891 20 | 781.84 | 12.790 | 6.305 40 | 391.72 | 25.528 | 12.7€4 
ir 2540.64 3.927 1.963 25 | 773-07 | 12.936 | 6.468 50 | 387.34 | 25.817 | 12.908 
20 2455.70 4.072 2.036 30 | 764.49 | 13.081 | 6.540 
25 2371.04 4.218 2.109 35 | 756.10 | 13.226 | 6.613 ||15 © | 383.06 | 26.105 | 13.053 
30 2292.01 4.363 2.181 40 | 747.89 | 13.371 | 6.685 to | 378.88 | 26.394 | 13.197 
35 2218.09 | 4.508 2.254 45 | 739-86 | 13.516 | 6.758 20 | 374.79 | 26.682 | 13.34% 
40 | 2148.79 | 4.654 2.327 50 | 732.01 | 13.661 | 6.831 30 | 370.78 | 26.970 | 73.485 
45 Cs 4.799 2.400 55 | 724-31 | 13.806 | 6.903 40 | 366.86 | 27.258 13.629 
50 js 4.945 2.472 50 63.02 | 27. 13. 

55 1954.64 | 5.090 | 2.545 || 8 o | 716.78 | 13.951 | 6.976 a Peake ie 
5 | 709.409 | 14.096 | 7.048 ||16 0 -26 | 27.8 13. 

3 9 1910.08 5-235 2.618 to | 702.18 | 14.241 | 7.121 10 ae: ab aos ed 
5 1858.47 5.381 2.690 15 | 695.09 | 14.387 | 7.193 20 | 351.98 | 28.41t | 14.205 
10 1809.57 5.526 2.763 20 | 688.16 | 14.532 | 7.266 30 | 348.45 | 28.699 | 14.349 
15 1763.18 5.672 2.836 25 | 681.35 | 14.677 | 7.338 40 | 344.99 | 28.986 | 14.403 
20 1719.12 5.817 2.908 30 | 674.69 | 14.822 | 7.411 50 | 341.60 | 29.274 | 14.637 
25 1677.20 | 5.962 | 2.981 35 | 668.15 | 14.967 | 7.483 
30 1637.28 6.108 3.054 40 | 661.74 | 15.112 | 7.556 ||17 © | 338.27 | 29.562 | 14.782 
35 1599.21 6.253 3-127 45 | 655.45 | 15.257 | 7.628 To | 335.01 | 29.850 | 14.925 
40 1562.88 6.398 3-199 50 | 649.27 | 15.402 | 7.701 20 | 331.82 | 30.137 | 15.069 
45 1528.16 6.544 3-272 55 | 643.22 | 15.547 | 7-773 30 | 328.68 | 30.425 | 15.212 
50 | 1494.95 | 6.689 | 3.345 40 | 325-60 | 30.712 | 15.356 
55 1463.16 6.835 3-417 || 9 © | 637.27 | 15.692 | 7.846 50 | 322.59 | 31.000 | 15.500 

4 0 1432.69 | 6.980 | 3.490 a eae — shoe 8 6 8 

. A 5 5 -982 -99t ||18 o 19.62 T.2 A 
5 1403.46 7.125 3-563 15 | 620.09 | 16.127 3 063 10 sities =e “3 
10 1375.40 7-27 3.635 20 | 614.56 | 16.272 | 8.136 20 | 313.86 | 31.861 15.931 
15 1348.45 7-416 3-708 25 | 609.14 | 16.417 | 8.208 30 | 311.06 | 32.149 | 16.074 
20 1322.53 7.561 3-781 30 | 603.80 | 16.562 | 8.281 40 | 308.30 | 32.436 16.218 
25 1297.58 7.707 3-853 35 | 598.57 | 16.707 | 8.353 FO | 305.60 | 32.723 | 16.361 
3° se73i97 7.852 | 3.926 40 593.42 16.852 | 8.426 . 3 
3 1.42 7-997 3.999 45 | 588.3 16.996 | 8.408 |/19 0 02. -OT 
40 1228.11 8.143 4.071 50 | 583.38 | 17.141 cox 10 So ee a coe eK: 
45 1206.57 8.288 4-144 55 | 578.49 | 17.286 | 8.643 20 | 297.77 | 33.583 | 1€.792 
so | 1185.78 | 8.433 | 4.217 30 | 295.25 | 33.870 16.935 
55 | 1165.70 | 8.579 | 4.289 ||10 o 573.69 17.431 Sei 40 | 202.77 | 34.357 | 17.0/8 

to | 564.31 | 17.721 | 8. 

5 0 1146.28 oe! 4.362 20 555.23 fee ne Vice eee 
5 1127.50 -869 | 4.435 30 | 546.44 | 18.300 +150 ||20 0 | 287. 

To | 1109.33 | 9.014 | 4.507 40 | 537-92 28555 o.Se5 dahil ibaa Bae 
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STADIA SURVEYING 


PRELIMINARY DEFINITIONS AND PRINCIPLES 


1. Definitions.—The term stadia surveying is com- 
monly applied to a method of surveying in which distances 
are determined by observing what length of a graduated rod, 
held on a distant point, is included between two horizontal 
cross-wires in a telescope (usually that of a transit or a plane 
table) through which the rod is viewed. The rod is called 
a stadia rod, and the cross-wires are called stadia wires. 
The length of the stadia rod included between the stadia wires 
bears a certain fixed relation to the distance of the rod from 
the instrument. 

Stadia measurement is of great value in all kinds of field 
work, especially in the minor operations of topographic and 
hydrographic surveys. It is the quickest and best way of 
measuring distances of any considerable length where great 
accuracy is not required. 


2. Optical Principles Involved.—In Fig. 1, Z M repre- 
sents a double convex lens, the faces of which are spherical 
surfaces having the same curvature. The line O,O, pass- 
ing through the centers of these surfaces is called the prin- 
cipal axis of the lens. It is shown in physics that rays of 
light 7, r, r, parallel to the axis of the lens, converge, after 
being refracted, at a point F on the axis. This point is called 
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the principal focus of the lens. The distance /C, from 
the principal focus to the lens is called the principal focal 
distance of the lens, and is generally represented by f. 

It is also shown in physics that the rays from any point O, 
on the principal axis converge, after refraction, at another 
point O, on the axis. These two points are called conjugate 


Fic. 1 


foci, and their distances O, C, and O, C, from the lens are 
called conjugate focal distances. A law of optics is that 
the sum of the reciprocals of any two conjugate focal dis- 
tances of a lens is equal to the reciprocal of the principal 
focal distance of the lens. Hence, representing O,C, by 4 
andeOs Gy by f,; 


3. The object glass of a transit or plane table consists of 
a combination of lenses forming a compound lens. The 
same general principles and formulas that are applicable 
to a single lens apply to a compound lens. As the lens is 
always very thin compared with the conjugate focal dis- 
tances, its thickness may be neglected, and the lens repre- 
sented by a single line, as in the following article. 


STADIA FORMULAS 


4. Horizontal Sights.—Let Z J, Fig. 2, represent the 
objective lens, or object glass, of a telescope; 4 &, a portion 
of a vertical rod, the center of this portion being on the 
axis m M of the lens; and a 4, the image of 4 B on the plane 
of the cross-wires. The axis of the lens is suppesed to be 
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horizontal and therefore perpendicular to 4 B andaé. From 
the formula of Art. 2, f representing the focal distance, 


1 tal ete a 
— - h = _ 
Cie ea GF 


B 
Ere. 2 


Also, the triangles 4 CB and aCé are similar, and, there- 
fore, 


ab AB 
m Gaia 
1 AB 


whence = 
Cm GO S< (CMU 


Equating this to the preceding value of a there results 
ML 


AB oe te al 
abXCM ft CM 
whence, solving for CM, ~ 
nT ER I aan (a) 
ab 
As fis constant for any telescope, the distance C WV depends 
only on the two variable quantities 
ABandab. The distance ab 
is made constant by placing two 
stadia wires zo and pq, Fig. 3, on 
the reticule of the telescope par- 
allel to and equidistant from the 
ordinary horizontal cross-wire h k, 
and taking always that part of the 
image included between a and 6. 
To CM, which is the distance 
from the rod to the object glass, 
must be added the distance c from the object glass to the 
center of the instrument. in order to obtain the true distance d 


4 STADIA AND PLANE-TABLE SURVEYING 


from the rod to the center of the instrument. The distance ¢ 
varies slightly as the object glass is moved in or out for 
focusing, but this variation is too small to be considered. 
The distance d is then given by the equation 
d= CM+e 

Substituting the value of C/V from (a), and representing 
the distance a4 between the stadia wires by 7, and the rod 
reading 4 B by R, we have 


Vie ETH (1) 
Ta 


The ratio f is called the stadia constant, and f+c is 
if 


called the instrument constant. Representing the stadia 
constant by s and the instrument constant by 7, formula 1 
becomes 
d=sR4i7 (2) 
This formula assumes that the line of sight is perpendic- 
ular to the rod. 


5. Inclined Sights.—As comparatively few lines of 
sight are horizontal, the transit used for stadia measure- 
ments should have a level tube attached to the telescope 
and an arc or circle for reading vertical angles. 

In Fig. 4, let 17.V represent an inclined line of sight from 
a transit set over the point 7 to a point VV on a rod held 
vertically on a point /, whose distance from / is required. 
Let 47 P, be the horizontal projection of 7P or WN. 

If the rod is held in the position P’ 4’ at right angles to the 
line of sight, and the portion A’ A’ intercepted by the stadia 
wires is read, the length of 47 NV can be found by formula 2, 
Art. 4. Representing 4’ A’ by R’, that formula gives 

MN=sR42 (a) 

The right triangle V7 P,, in which V represents the 
vertical angle V 1/7 ?,, as measured by the vertical are of the 
transit, and d represents the horizontal distance 17 P,, gives 

d= MNcos V 
or, substituting the value of J7.N from (a), 
d = (sR' +2) cos V 
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6. It is inconvenient and inaccurate to hold the rod per- 
pendicular to an inclined line of sight. In practice, the rod 
is usually held vertical, as shown at PA, Fig. 4, and the 
horizontal distance 17 P, or d is expressed in terms of the 
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rod reading R(= A B&B) determined by the stadia wires on 
the rod thus held. As the angle A WB is very small, no 
appreciable error will result if A’ and A’ are considered to be 
right angles. Assuming this to be the case, the right tri- 
angles d VA’ and BN B’ give 

A N= ANcosANA 

NB = NBcos BN B 

Adding these equations member to member and noticing 
that the angle B VB’ is equal to A NA’, 

A'!N+ NB! =(AN+NB) cos ANA 
that is, 4’ B’ = ABcos ANA’, or 
R’' = Reos ANA’ (a) 

As the sides of the angle A V 4’ are, respectively, perpen- 
dicular to those of V W/P, or V, these two angles are equal, 
and equation (a) may be written 

Tere cog ¥ 

Substituting this value of A’ in the last equation of the 
preceding article, 

d = (sRcosV +2) cosV 
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7. Vertical Distances.—In Fig. 4, VP, is the differ- 
ence of elevation between the center 7 of the transit (the 
intersection of the horizontal and the vertical axis of the 
telescope) and the point V. Denoting this difference by z, 
the right triangle V 17 P, gives 

Ooi Ptani 1 a tan Va 
or, substituting the value of d from the formula of Art. 6, 
and performing the multiplications, 
v=sRcos’VtanV+zcos V tanV 


s R cos’ Vee : +zcosV sae 


= sRsinVcosV+i7sinV 
or, writing + sin 2V instead of sin V cos V (for sin 2V 
= 2sin V cos V), 
v=4¢sRsin2V4+isinV 

Fig. 4 shows a line of sight inclined above the horizontal. 
This formula and the formula of Art. 6 apply equally well 
when the line of sight is inclined below the horizontal. 
When the line of sight is inclined above the horizontal, the 
vertical angle is an angle of elevation, and is recorded in the 
notes as plus (+); when the line of sight is inclined below 
the horizontal, the vertical angle is an angle of depression, 
and is recorded in the notes as minus (—). 


8. It is usually desired to determine the difference of ele- 
vation between the point over which the instrument is set and 
that on which the rod is held, whereas the formula of Art. 7 
gives the difference of elevation between the center of the 
instrument and the point observed on the rod. If the mid- 
dle cross-wire is made to intersect the rod at a point whose 
height above the ground is equal to that of the instrument, 
the result obtained by the formula of Art. 7 will be equal to 
the difference of elevation between the point over which the 
instrument is set and that on which the rod is held. In 
ordinary work, the observer estimates a distance on the rod 
about equal to the height of the instrument. If the differ- 
ence of elevation is desired as accurately as possible, the 
observer generally measures the height of the instrument 
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by holding a rod alongside of it or in some other convenient 
manner. He calls out the height to the rodman, who marks 
an equal height on the rod, usually by setting a target pr 
tying a piece of cloth around the rod at the required height 


EXAMPLE.—The length intercepted on the rod is 7.00 feet, and the 
angle that the line of sight makes with a horizontal line is 18° 23/. 
If the stadia constant is 100 and the instrument constant 1.00 foot: 
(a) what is the horizontal distance of the rod from the center of the 
instrument? (6) what is the difference of elevation between the center 
of the transit and the point where the line of sight intersects the rod, as 
indicated by the center cross-wire? 

SoLuTion.—(a) Here s = 100, R =7,z = 1, andcos V = cos 18° 23/ 
= .94897. Substituting these values in the formula of Art. 6, 

d = (100 X 7 X .94897 + 1) X cos 18° 23’ = 631.3 ft. Ans. 

(6) Here sin V = sin 18° 23/ = .31537, and sin 2 V = sin 36° 46/ 
= .59856. Substituting these values and those given above in the 
formula of Art. 7, 

v = 3X 100 X7 X .59856 + 1 X .31537 = 209.8 ft. Ans. 


EXAMPLES FOR PRACTICE 


1. The length intercepted on the stadia rod when held at right 
angles to the horizontal line of sight is 4.45 feet, the instrument con- 
stant is 1.00 foot, and the stadia constant, 100; what is the distance of 
the stadia rod from the center of the instrument? Ans. 446.0 ft. 

2. The length intercepted on the stadia rod is 8.67 feet, and the 
angle that the line of sight makes with the horizontal is 25° 21’. If the 
stadia constant is 100 and the instrument constant 1.00 foot: (a) what 
is the horizontal distance of the rod from the center of the instrument? 
(6) what is the difference of elevation between the center of the instru- 
ment and the point where the line of sight intersects the rod, as indi- 


cated by the center cross-wire? (a) 709.0 ft. 
Ans.{ (5) 335.9 ft 


9. Values of the Constants.—The values of the instru- 
ment and stadia constants are usually determined by the 
instrument maker. The instrument constant varies from 
about .75 to 1.33 feet in different transits according to the size 
and power of their telescopes. Its value is usually marked 
on a card attached to the inside of the instrument box. 

The stadia constant is customarily made equal to 100; so 
that, in a horizontal line of sight, the stadia wire will intercept 
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a distance of 1 foot on a rod whose distance from the instru- 
ment is 100 feet plus the instrument constant. Thus, if the 
stadia wires intercept a distance of 8.37 feet on the rod, 
the distance from the rod to the transit would be 837 feet 
plus the instrument constant. For ordinary topographical 
work, especially for long distances, it is sufficiently close 
to take for the distance 100 times the length intercepted on 
the rod, the instrument constant being disregarded. 


10. Determination of the Constants.—If it is 
desired to determine or to check the constants, a line, 
from 400 to 800 feet long, is run on ground as level as 
practicable, taking care that the atmospheric conditions are 
favorable. (Refraction is least between about 8 and 10 a. m. 
and increases with the temperature.) The rod is held on 
this line at distances of 50, 100, 200 feet, etc. from the center 
of the instrument, and the space intercepted by the stadia 
wires at each setting of the rod is carefully read. Then the 
distances and the corresponding readings are taken in pairs 
and substituted in formulas given in this article; from each 
pair a value is found for s and one for z. Finally, the means 
are taken of all the values of s and of all the values of 7. 

Let d, and ad, be two of the measured distances, and 2, and 
R, the corresponding readings of the rod. Then, from for- 
mula 2, Art. 4, 

a, = sRh;--7z (a) 
d.=sR.+7 (6) 

Subtracting (a) from (4), 

a, are da, = SUR; a R,) 


ad, — d, 

h Sa 1 
whence Ss Pale, (1) 
also, t=a,—=sR, = d,— (d,—d,)R, 

Jeg fee 
: ea Fa accent hp be 
or, reducing, Sp sts See 2 
g z R, vd} Ri ( ) 


In determinations of this kind, the rod should be read to 
thousandths by means of a vernier. Although it is easier 
to find z by the formula 7 = d, —s5R,, it is advisable to find 
it independently by formula 2 of this article. 
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EXAMPLE.—To determine the stadia and the instrument constant 
from the following data: 


DISTANCE MEASURED, FEET Rop READING, FEET 
50 .488 
100 .988 
200 1.988 
300 2.991 
400 3.986 


SoLutTion.—Taking 50 feet for the value of d, and 100 feet, 200 feet, 


etc. successively for the values of d,, and applying formulas 1 and 2, 
we find: 


Purst; forid, — 00 ft. anded. — LOO ft., 


100 — 50 
Saas: geguanl 
._ 50 X .988 — .488 x 100 _ 
a 988 — 1488 ==) 1,200) ft: 
Second, for d, = 50 ft. and d, = 200 ft., 
200 — 50 
Ste 1 np seis 
. _ 50 X 1.988 — .488 X 200 _ 
amt 1.988 — .488 pee 200, Es 
(hhird: ford, ~—.o0 tt. and d, — 300 ft. 
300 — 50 
alo pray irs mena 
._ 502.991 — .488 x 800 7. 
a 9.991 — 488 =" 1-258 ft. 
Fourth, for d, = 50 ft. and d, = 400, 
400 — 50 
_ 5S 3 pcg Seis OE 
. 50 X 3.986 — .488 xX 400 _ 
— 3986 — 488 = 1 st 
Tabulating these results, 
Ky t 
100.000 1.200 
100.000 1.200 
99.880 1.258 
100.057 iit 74 
4)399.937 4)4.830 A 5 = 99.984 
means 99.984 1.208 ns. {$ =; Gre 


If very accurate determinations are desired, observations as above 


should be taken at different hours of the day and an average of the 
results should be used. 
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EXAMPLE FOR PRACTICE 


Determine the stadia and the instrument constant from the follow- 
ing data: 


DISTANCE MEASURED, FEET Rop READING, FEET 
100 1.000 
150 1.504 
200 2.011 
250 2.516 
300 3.019 ae 
Ans.{7 = ‘970 


11. Precision.—The precision of stadia measurements 
depends on the accuracy of the determination of the con- 
stants, the care with which the rod readings are taken, and 
very largely on the state of the atmosphere. Other things 
being equal, greatest accuracy is obtained between 8 and 
10 a. M., when refraction is least. If the atmosphere is hazy 
or unsteady from the effects of heat, as is often the case 
in summer, especially along a railroad track, a less degree 
of precision can be obtained than under the opposite con- 
ditions. Long sights should be avoided. With a good transit 
and under favorable atmospheric conditions, the error 
should not exceed zs, and with very careful work may be as 
low as 100. 


STADIA RODS 


12. Kinds of Rods Used in Stadia Work.—An ordi- 
nary self-reading leveling rod is very often used in making 
stadia measurements. However, more satisfactory and more 
rapid work can be done with a rod made especially for the 
purpose. Various patterns have been designed, the princi- 
pal idea being so to mark the graduations of the rod that 
they will be most easily and quickly read by the instrument- 
man. Fig. 5 shows four patterns of graduations in three of 
which the tenths of a foot are indicated by the principal 
angular points. Pattern (a) is one of the styles used by the 
United States Coast and Geodetic Survey, and patterns (4) | 
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and (c) are used by the United States Lake Survey. Pat- 
tern (@) is easily graduated, each foot being subdivided into 
tenths by the black rectangles and the white spaces between 
them. One foot is here shown as the unit of graduation, 
although a yard or a meter is sometimes used. In pat- 
tern (a), each twentieth of a foot, and in pattern (c) each 
fiftieth of a foot, is also designated by an angular point. ify 
readings to hundredths of a foot are desired, as is gener- 
ally the case, they are estimated along the diagonal lines 


One Foot 


Pa ae 


(@) 


Fie. 5 


of the graduations. Each diagonal line represents in pat- 
tern (a), 130 foot; in pattern (4), oo foot; and in pattern (c), 
the long diagonals represent roo and the short diagonals 
zoo foot. Thus, if the full line crossing each stadia rod, as 
shown in Fig. 5, represents the intersection of the line of 
sight, the readings on patterns (a), (4), (c), and (d) are, 
respectively, .73, .46, 1.07, and .81. In pattern (ad), as in 
an ordinary self-reading leveling rod, the number of hun- 
dredths of a foot from the nearest tenth mark to the inter- 
section of the line of sight must be estimated. With a little 
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practice, close reading of any of the various patterns of 
stadia rods is readily acquired. Stadia rods are generally 
about 12 feet long and are made in two equal sections, which 
are connected by a hinge for convenience in handling when 
the rod is not in use. 


13. Regraduating a Stadia Rod.—In order that the 
stadia measurements may readily be determined from the 
rod readings when the stadia constant differs considerably 
from 100, the stadia rod may be regraduated so that one of 
its full divisions shall be intercepted between the stadia wires 
when the distance from the rod to the center of the instru- 
ment is 100 feet plus the instrument constant. The length 
of the new main graduations will be equal to 100 feet divided 
by the stadia constant. Thus, if the stadia constant is found 
to be 98, the length of the new graduations on the rod will 
be 100 + 98 = 1.02 feet. The entire length of the stadia rod 
should thus be laid off in equal divisions 1.02 feet long, and 
each division should be subdivided so that decimal portions 
can be read. Regraduating a rod is objectionable in that 
the rod is thus made unfit for use with any other transit or 
for leveling purposes. It is always preferable to employ a 
rod divided into true feet and fractions of a foot, and com- 
pute the distances by means of formula 2, Art. 4, and the for- 
mulas of Arts. 6 and 7%, or, still better, by means of stadia 
tables, as will be explained further on. 


PRACTICAL STADIA WORK 


MAKING THE OBSERVATIONS 

14. Organization of Party.—The stadia party may 
consist merely of an instrumentman, or observer, and a 
stadia rodman. If the survey is large and rapid progress 
is desired, a recorder and one or more additional stadia 
rodmen are necessary. In this case the observer merely 
makes the observations and calls them out to the recorder. 
The observer generally has charge of the work of the party 
and should indicate to the rodmen the points on which the 
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stadia rod should be held for observation. The recorder 
keeps all the notes and should make sketches of objects that 
it is desired to locate, showing their position with reference 
to the points located by the transit. He should repeat to the 
observer the result of each observation as given out by the 
observer, before recording it in the notebook. 


15. Location of Points.—A point over which the 
instrument is set is called an instrument point. A point 
on which a stadia rod is held for observation is called a 
stadia point. A stadia point is generally located with 
reference to the meridian or to some other line. The 
azimuth of the line of sight to the point to be located is 
obtained from the reading of the vernier. The distance 
along this line of sight to the point is obtained from 
the stadia reading and (if the sight is inclined) the 
vertical angle. From the stadia reading and the vertical 
angle is also obtained the difference of elevation between 
the stadia point and the instrument point. 


16. Taking the Readings.—Observing the length 
intercepted on a rod by the stadia wires is called taking 
a stadia reading. To take a stadia reading on a point 
where a rod is held, the telescope is first directed toward the 
rod, and then raised or lowered by means of the tangent 
screw until one of the stadia wires, generally the lower, 
coincides with a full division mark on the rod, and the num- 
ber of full divisions and fractions of a division to the point 
intersected on the rod by the other stadia wire is read. 
The difference between the readings of the two wires is the 
stadia reading. Thus, if the lower wire is made to coincide 
with the 3-foot mark on the rod and the upper wire inter- 
sects the rod at a point whose reading is 5.35, the stadia 
reading is 5.385 — 3.00, or 2.85. The process is the sameif a 
regular stadia rod is used. 


17. As the stadia wires are placed equidistant from the 
regular cross-wire of the telescope, the latter will intersect 
the rod at a point midway between the points intersected 
by the stadia wires. The distance on the rod intercepted 
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between the middle cross-wire and one of the stadia wires 
is, therefore, one-half of the regular stadia reading. In very 
long sights, where the distance intercepted between the stadia 
wires is greater than the length of the rod, or where a portion 
of the rod is not visible, the middle wire and one of the stadia 
wires are used in taking the stadia reading, this reading being 
practically one-half the true reading. Thus, if the rod is held 
on a distant point and the lower stadia wire is made to read 
1 foot aud the middle cross-wire reads 8.24, the difference 
8.24 — 1, or 7.24, is one-half the true reading, and the true 
stadia reading is 7.24 x 2, or 14.48. Such half readings are 
frequently taken as checks on regular readings. 


18. If the line of sight is inclined, the angle that it 
makes above or below the horizontal should be read from 
the vertical limb. It should be recorded in all cases if 
differences of elevation are to be determined, but it is not 
usually considered in connection with horizontal distances 
unless the vertical angle is more than 8°. When the angle 
is less than 38°, the line of sight may be assumed to be 
horizontal and the distance found by formula 2, Art. 4. 

If the notes are kept by a recorder, the observer calls out 
the stadia reading as soon as obtained. If the observer keeps 
the notes, as soon as the stadia reading is taken, but before it 
is recorded, he should move the telescope up or down until 
the middle cross-wire intersects the rod at a point whose 
height above the ground is equal to the height of the instru- 
ment above the ground. The stadia reading is then recorded, 
after which the observer reads and records the vertical angle 
and the azimuth, if the latter has not already been recorded. 

Care should be taken not to touch the lower clamp or 
tangent screw until all the sights from any instrument point 
have been taken and their azimuths recorded. It is generally 
best to check the sights from a station after the last one has 
been taken by sighting again to the first point observed from 
that station and noting if the vernier reading is the same 
as when the first sight on that station was taken. If one 
instrument point is located from another, the stadia reading 
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and vertical angle should be checked by backsights. The 
readings given by a backsight should be about the same as 
those given by the corresponding foresight, and the means 
between them are assumed to be the correct readings. 


STADIA NOTES 


19. Form of Notes.—For stadia notes, a regular transit 
book is commonly used. The numbers and letters designa- 
ting the stadia stations and points on which stadia readings 
are taken are recorded in the first column of the left-hand 
page, the azimuths in the second column, the stadia readings 
in the third column, and the vertical angles in the fourth 
column. ‘These four columns are filled out in the field when 
the observations are made. The horizontal distances are 
recorded in the fifth column and the elevations in the sixth 
column. These two columns are filled out when the notes 
are reduced, which is usually done in the office. 

The notes are generally begun at the top of the page anti 
the observations from each station are grouped as shown in 
the form on next page. The right-hand page of the book 
is used for sketches and remarks. Each instrument station 
is usually designated, both in the notes and sketches, by a dot 
enclosed in a small square, followed by the number of the 
station; thus, @ 1, @ 2, mean, respectively, Station 1, Station 2. 
A plain triangle or a square is often used for the same purpose. 

At the top of the first left-hand page are written the loca- 
tion of the tract surveyed and the date the survey is begun. 
On the opposite page are written the names and positions of 
the members of the party. At the end of the notes is 
recorded the date on which the survey is completed. It is 
also advisable to record the date on which the stadia reduc- 
tions are made and the notes platted, and the names of the 
persons who do this part of the work. 


20. Reducing the Notes.—Before the notes can be 
platted, the horizontal and vertical distances must be 
determined from the stadia readings and the vertical angles. 
This operation is usually called reducing the notes. The 
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vertical distances are not re- 
corded, but they are used 
when obtained to determine 
the elevations of the stadia 
points with reference to some 
known or assumed datum. 
The elevation of any stadia 
point is obtained by first ob- 
taining the difference in ele- 
vation between that point 
and the instrument point 
from which the readings on 
the former point are taken, 
and then adding that differ- 
ence to or subtracting it from 
the elevation of the instru- 
ment point, according as the 
vertical angle is one of ele- 
vation or one of depression. 
In stadia work, it is cus- 
tomary to calculate and re- 
cord horizontal distances to 
the nearest foot only, and ele- 
bY vations to the nearest tenth 
of a foot only, except on in- 
strument stations, where the 
differences of elevation are 
determined and recorded to 

the nearest hundredth of a 

foot. Such results are as 

close as are justified by the 

degree of accuracy usually 


Elev. assumed as 100.0. 


@ 1 = Old corner stone 
Property line from @1 to A 


Corner post 
Artesian well. 


5 


Elev. 


Hor. Dist. 


100.0 
, 

—18° 10! 
45 


Vert. Angle 


Stadia 


+11 


6.18 
4-47 
12.10 
12.16 


attained in stadia measure- 
ment. 


Azimuth 
125 et 
305° 14! 


4’ : 


Readings friom @ 1 Elelv. 
Readings frioom @ 2 Elelv. 


21. If the line of sight 
is horizontal, the distance 
corresponding to a stadia 


Sta. 
(2 
@ 1 
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reading is obtained by formula 2, Art. 4. This formula is 
generally used if the angle of inclination does not exceed 3° 
Since the stadia constant is commonly 100, the distance 
required is 100 times the stadia reading, plus the instrument 
constant, which, if considered, is generally taken as 1 foot. 
Thus, if the stadia reading in a horizontal sight is 6.18, the 
distance is 100 x 6.18 + 1, or 619 feet. If.the line of sight 
is inclined, the horizontal distance may be obtained by the 
formula of Art. 6 and the difference of elevation by the for- 
mula of Art. 7. These calculations are generally and more 
conveniently made by the aid of a table, the use of which 
is explained in the following article. 

It is sometimes desirable to reduce and plat the notes in 
the field. The platting is done on a sheet attached to a light 
drawing board. The azimuths are laid off with a protractor, 
as that method is sufficiently accurate for this work. 


22. Stadia Reduction Table.—The formula of Art. 6 
giving the horizontal distance between an instrument and a 
stadia point, may be written 

ad=sRcos’' V+icosV (a) 

Let e be the difference between the stadia constant s and 
100, so that s = 100 +e, the upper sign applying when s is 
greater than 100, the lower when s is less than 100. This 
value substituted in equation (a) gives 
d = (100+e) R cos’? V+icosV 


= (100 cos? V + 100 cos? VX a)R +zcosV (d) 


100 

In order to facilitate the application of this equation, the 
Stadia Reduction Table given at the end of this Section has 
been prepared. That table contains, in the column headed 
Horizontal Distances, values of 100 cos’ VY for values of V 
varying by intervals of 2’ from 0° to 31°. At the bottom 
of each column of horizontal distances are given values of 
z cos V for three values of z; namely, .75, 1.00, and 1.25 feet, 
and for an angle equal to that at the top of the column 
plus 30’, this being the mean between the angle at the top 
and the angle plus 60’; a mean value that can be used with 
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sufficient accuracy in place of any value of V included between 
those limits. 

Let the value of 100 cos? VY taken from the table, for any 
given value of V, be denoted by d,, and the corresponding 
value of z cos V (the mean value mentioned above being here 
used instead of V) be denoted by 7. Equation (6) may then 
be written 


a= (d+4x<8 iio) 8 + (1) 


100 


If, as is usually the case, the stadia constant is 100, or very 
nearly 100, the term containing e is omitted, and the formula 


becomes eae ey (2) 


23. The formula of Art. 7 for the difference of elevation 


between the instrument and the stadia point may be written 
(100 + e)Rsin2 V 


v= 9 +2zsinV 
100 sin2V , 100sin2V 
= + R 
( 5 9 x 5) thier airs (a) 
The stadia table contains, in the column headed Difference 


of Elevation, values of — 


He sin ee for values of V, as stated 


in the preceding article. At the bottom of each of these 
columns are given values of z sin VY, for the three values 


of z and the mean angles mentioned in the article just 


referred to. If the values of we sin eT” and! 2 4sined/7as 


taken from the table, are denoted by v, and /,, respectively, 
equation (a) takes the form 


Vie (2. = SUA OS 


ig) e+ Gh) 


When the stadia constant is 100, or very nearly 100, this 
formula reduces to the form 


v= 4, R + ve (2) 

24. It has been stated that the angles in the table vary 
by intervals of 2’; in other words, the table contains only 
even numbers of minutes. For any odd number of minutes, 
it is sufficiently accurate to substitute either of the two even 
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numbers between which it lies. Thus, if the angle V 
is 238° 15’, either 23° 14’ or 23° 16/ may be used in its 
place. Should greater accuracy be desired, a mean of the 
values (horizontal distance or difference of elevation) corre- 
sponding to 23° 14’ and 238° 16’ may be taken. 


EXAMPLE 1.—The stadia reading is 3.96 feet; the vertical angle, 
when the line of sight intersects the rod at a height equal to the height 
of the instrument, is 10° 26’; the stadia constant is 100; and the instru- 
ment constant is 1 foot. To determine by the table: (a) the horizon- 
tal distance from the center of the instrument to the stadia point; 
(6) the difference of elevation between the instrument point and the 
stadia point. 

SoLtutTion.—(a) The horizontal distance given in the table for 
10° 26 is found to be 96.72(= d,). At the bottom of the 10° column 
of horizontal distances and opposite a value of z = 1.00 (the instru- 
ment constant) is found .98(= /,). As the stadia constant is 100, 
formula 2, Art. 22, should be used. In this case, we have, 

d, = 96.72,-R = 3.96, 7z = .98 
Substituting these values in the formula, 
d = 96.72 * 3.96 + .98 = 383.99 ft. Ans. 

(6) Likewise, the difference of elevation corresponding to 10° 26/ 
is found to be 17.81(= v,). The value of /, for a value of ¢ = 1.00 is 
found at the bottom of the column of differences of elevation, under 
10%, tobe .18. To SPR formula 2, Art. 23, we have, 

AW feu Wie a, Sep? allt 
Supruruling aoe sion ra in that formula, 
= 17.81 X 3.96 + .18 = 70.71. Ans. 


EXAMPLE 2.—If in the preceding example the elevation of the 
instrument point is 102.46 feet, and the vertical angle is one of depres- 
sion, what is the elevation of the stadia point? 

SoLutTion.—The difference of elevation between these points was 
found to be 70.71 ft., and, since the vertical angle is one of depression, 
this distance is subtracted from the elevation of the instrument point. 
The elevation of the stadia point is, therefore, 102.46 — 70.71, or 
31.75 ft. Ans. 

EXAMPLE 3.—The stadia reading being 8.24; the vertical angle, 
+ 20° 40’; the elevation of the instrument point, 240.72 feet; the stadia 
constant, 97.8; and the instrument constant, 1.25, to find: (a) the 
horizontal distance d from the instrument point to the stadia point; 
and (6) the elevation of the stadia point. 


SoLuTion.—(a) The distance d is determined by formula 1, 


Art. 22. In this case, e = 100 — 97.8 = 2.2, and ni = 022. The 


‘ 
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vaiue of d, corresponding to an angle of 20° 40/ is 87.54. At the 
bottom of the column of horizontal distances, under 20°, and hori- 
zontally opposite the expression 7 = 1.25, is found 1.17(= Zz). As 
R = 8.24, formula 1, Art. 22, gives 
= (87.54 — 87.54 X .022)8.24 + 1.17 = 706.60 ft. Ans. 

(6) The values of v, and /,, to be substituted in formula 1, 
Art. 23, are found from the table to be 33.02 and .44, respectively; 
therefore, applying that formula, 


v= (33.02 — 33.02 X ii) 8.24 + .44 = 266.51 ft. 


Adding this to the elevation 240.72 of the instrument point (since 
the vertical angle is +), 507.23 ft. is obtained as the elevation of the 
stadia point. 


EXAMPLES FOR PRACTICE 


Note.—In calculating the horizontal distances and differences in elevation in the 
following examples, use the Stadia Reduction Table. 

1. The intercepted distance on the vertical stadia rod is 4.28 feet, 
and the vertical angle is —20° 25’. Assuming the instrument constant 
to be .75 foot and the stadia constant to be 100, what are: (a) the 
horizontal distance from the center of the instrument to the stadia rod; 
(6) the difference in elevation between the center of the instrument 


and the point observed on the rod? Ane fic) 376.6 ft. 
“\(d) 140.2 ft. 


2. The intercepted distance on the vertical stadia rod is 3.27 feet, 
and the vertical angle is —28° 16’. Assuming the instrument constant 
to be 1 foot and the stadia constant to be 100: (a) what is the 
difference in elevation between the center of the instrument and the 
point observed ontherod? (6) If the height of the center of the instru- 
ment above datum is 256.28 feet, and the reading of the center cross- 
wire on the stadia rod is 8.39 feet, what is the elevation of the stadia 


point above datum? : (a) 136.9 ft. 
Ans.{(§) 111.0 ft. 


3. The intercepted distance on the stadia rod is 5.47 feet, and the 
vertical angle is +18° 14’. Assuming the instrument constant to be 
1.25 feet, the stadia constant 100, and the elevation of the instrument 
point 126.00 feet, find: (a) the elevation of the stadia point, if the 
line of sight intersects the rod at a height equal to the height of 
instrument; (4) the horizontal distance from the center of the instru- 
ment to the stadia rod. a) 289.0 ft. 

ans.{ (5) 494.6 ft 


4. All the other conditions being the same as in the preceding 
example, what is the horizontal distance, if the stadia constant is 99? 
Ans. 489.7 ft. 
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PLANE-TABLE SURVEYING 


THE PLANE TABLE 


25. Description.—The plane table is an instrument 
used in the preparation of topographical maps. It consists 
of a drawing board mounted on a tripod, and a device for 
sighting in any direction and transferring the line of sight to 
a sheet or roll of drawing paper on the board. Fig. 6 shows 
the Johnson plane table, which is the one most generally 
used in private work. 


26. The drawing board is made of well-seasoned pine 
with a piece dovetailed on each end at right angles to the 
grain of the board, so as to overcome the tendency to warp. 


27. The instrument for sighting and transferring the line 
of sight to the paper on the board is called the alidade. It 
consists of a metal ruler r from which rises an upright carry- 
ing the telescope 7. The telescope has a vertical movement 
in a plane that contains the edge of the ruler or is parallel to 
it. Itis equipped with a level tube and a vertical circle for the 
measurement of vertical angles, and generally has two stadia 
wires in addition to the regular horizontal and vertical wires. 
The alidade merely sets on the drawing board when in use; 
when not in use, it is kept in the instrument box. 


28. The tripod is of the same general design as that of 
a transit, except that the legs are heavier and shorter, so that 
the table may be set firmly and at such a height as is con- 
venient for the purpose of drawing or for sighting through 
the telescope. The device by which the drawing board is con- 
nected to the tripod head, permitting the separate motions 
necessary for leveling the board and for turning it horizon- 
tally, is called the movement. Fig. 6 shows the board with 
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a portion cut away to show the tripod head and movement. 
The latter is also shown separately with a portion cut away 
so that its construction may be seen more plainly. In some 
plane tables, the leveling is accomplished by means of regu- 
lar leveling screws. 


29. The declinator C, Fig. 6, is a compass needle 
mounted in a flat box, whose sides are straight edges par- 
allel to the line determined by the zero marks of the com- 
pass graduations. In this type of plane table, the level tubes 
are attached to the declinator, as shown in the figure. The 
level tubes are sometimes attached to the alidade ruler. 


380. The plumbing arm ¢f/’e’, Fig. 6, is a device for 
suspending a plumb-bob so that it will be directly under a 
point e¢ on the paper representing the point determined on 
the ground by the plumb-bob. 


381. Plane-Table Paper.—The drawing paper for 
plane-table work is sometimes used in rolls, the portions 
not in use being rolled under the ends or sides of the board. 
More often the paper is prepared in the form of sheets about 
the size of the board. It is held on the board by heavy 
brass clamps or by strong tacks or screws. 

The paper should be of good quality, as the expansion and 
contraction due to atmospheric changes is very large in 
the poorer grades of paper. It may be seasoned by being 
exposed for several days alternately to a very damp and to 
a very dry atmosphere. This considerably lessens the effect 
of atmospheric changes. 

If a great degree of accuracy is desired, doubly mounted 
sheets of the best paper are used. They are made by 
pasting a sheet of paper on each side of a piece of tightly 
stretched muslin with the grain of one sheet at right angles 
to the grain of the other. Celluloid sheets are sometimes 
used where there is likely to be an accumulation of mois- 
ture on the sheet, such as rain, dew, or water dropping 
from the trees. 
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TESTS AND ADJUSTMENTS 


32. The Level Tubes.—The level tubes attached to the 
declinator are tested by placing the declinator in the center of 
the table and bringing each bubble to the center of the tube 
by the leveling apparatus. The declinator is then reversed in 
azimuth; if it is in adjustment, the bubbles will be in the cen- 
ter of the tubes. If not, one-half the error is corrected by 
means of the adjusting screws, and the other half by again 
leveling the table. This adjustment is similar to that of the 
plate levels of a compass or transit. The same method is 
used if the level tubes are attached to the alidade. 


33. The Telescope.—The adjustments of the telescope 
are the same as the second, third, fourth, and fifth adjust- 
ments of a transit. 


384. The Drawing Board.—lIf the drawing board is 
warped or uneven, it should be planed off until a true plane 
surface is obtained. The board should revolve in a truly 
horizontal plane. To determine this, after the level tubes 
have been tested, the table should be leveled carefully and 
then turned around about 180°. If the bubbles remain in the 
center of the tubes, the test is satisfactory. If not, one-half 
the error should be corrected by inserting thin washers 
between the board and the arms or plate of the movement 
to which it is attached on that side of the center which it is 
necessary to raise, in order to bring the bubble toward the 
center of the tube. This adjustment is repeated until the 
bubbles remain in the center of the tubes during a complete 
revolution of the table. Except for very important work, it 
is not necessary that this adjustment should be perfect. 


PLANE-TABLE FIELD WORK 


35. Organization of Party.—A plane-table party con- 
sists of an instrumentman, generally called a topographer, 
and one or more rodmen. Additional helpers are needed if the 
survey is of a large area or the country is very rough. The 
topographer makes the observations and does the platting 
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and sketching. The rodmen should be able to determine 
what points are necessary to be located, in order to properly 
represent on the map the ground covered by the survey. 


36. Plane-Table and Triangulation Stations.—The 
point on the ground over which the plane table is set is 
called a plane-table station, and is generally designated 
by a small circle with a dot in the center (©). In plane- 
table work, it is customary to denote points or stations on 
the ground by capital letters, and their platted positions by 
small letters. Thus, if a point on the ground is called 4, 
its platted position, or its position on the map, is called a. 

Plane-table work is generally based on an imaginary line 
connecting two known points that are visible from each 
other. The distance between these points is measured or 
calculated, and the line connecting them is platted to the 
scale decided on for the map on such a portion of the sheet 
as is indicated by the relation of the known points to the 
rest of the area to be covered by the survey. In the survey 
of a large area, reference lines forming a net of triangles 
are generally run with a transit, and from them other points 
of the survey are located by means of the plane table. The 
vertexes of these triangles are called triangulation 
stations, and are often designated by a small triangle 
with a dot in the center (A). In order that a triangulation 
station can be seen from the plane-table stations in various 
directions, a signal is often erected after the point has been 
occupied by the transit. This generally consists of a straight 
pole, braced so as to stand in a vertical position, and with a 
piece of cloth attached to the top to make it more easily 
discernible. 


387. Setting Up the Plane Table.—In setting up the 
plane table, the legs of the tripod are so placed that the 
tripod head is about level. The board is then made level 
by means of the level tubes attached to the declinator or to 
the alidade. If the movement is an adaptation of the ball 
and socket joint, the board is moved up or down by pressure 
on the sides until the bubble is in the center of each tube. 
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By means of the plumbing arm (see Art. 30), the table can 
be so set that a special point on the map shall be directly 
over a given station on the ground. In order to accomplish 
this, it may be necessary to move the tripod legs, or the 
tripod as a whole, several times. Usually, however, if the 
platted point is nearly over the station on the ground that it 
represents, the table is considered to be correctly set, as 
the map is generally drawn to so small a scale that an error, 
even of 1 foot, would not show on the map. 

The level movement should be clamped as soon as the 
board is leveled, and the horizontal movement as soon as 
the desired position of the board is secured. 


388. Orienting the Plane Table.—If the survey is 
based on lines connecting two or more points whose posi- 
tions are platted on the board, the latter, after being leveled, 
must be clamped in such a position that each line platted 
corresponds in direction with, or is parallel to, the line on 
the ground that it represents. When this condition obtains, 
the plane table is said to be oriented, or in orientation, 
or in position. 

Unless the platted point is in the center of the board, any 
turning of the table to orient it will change the position of 
the platted point with reference to the station on the ground. 
Hence, the plane table is oriented as closely as possible by 
the eye before attempting to set a platted point accurately 
over a point on the ground. Thus, in Fig. 7, the Stations 
A and & on the ground are platted on the plane-table sheet 
at a and 6. The plane table is placed at Station 4 and is 
oriented approximately by sighting along the line aé and 
turning the board until the line a6 is about in the same 
direction as the line 4 & on the ground. The point a is 
brought over Station 4 by moving the tripod and using the 
plumbing arm, care being taken to keep the board approxi- 
mately oriented. The table is then leveled and the edge 
of the alidade ruler is made to coincide with the line a4, 
the objective end of the telescope being directed toward #. 
The table is next turned in azimuth until the telescope is 
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accurately directed to &. This turning of the board changes 
the position of a with reference to A; but the error is gen- 
erally so small that it is not considered. When the edge 
of the ruler is along a 4, and the telescope directed to B, 
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as just explained, the plane table is oriented. The board 
is then clamped; and lines of sight to any points, such as 
Cand DJ, that are to be located and are visible from the 
station occupied, are platted in the manner explained in the 
following article. 


39. Platting the Line of Sight.—After the plane table 
is oriented, the telescope is directed to the point to be 
located, the edge of the alidade ruler being kept in contact 
with the platted position of the station occupied. A line is 
then drawn along the edge of the ruler, beginning at the 
platted point and extending in the direction of the point to 
be located. Thus, in Fig. 7, the plane table is oriented at 
Station 4, the telescope is directed to the point C, with the 
edge of the ruler in contact with the point a, which is over 
Station 4 onthe ground. A line representing this line of sight 
is then drawn along the edge of the ruler, as shown at ax 
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in the left-hand portion of Fig. 8. In platting a line of sight, 
a hard pencil having a fine point should be used, and the line 
should be drawn lightly and close to the edge of the ruler. 


LOCATION OF POINTS 
40. Location by Distance.—If the plane table is 
oriented at any station, any point visible from that station 
may be located on the plat by laying off to scale, on the 
platted line of sight to the point, the distance from the point 
to the station occupied. That distance may be determined 
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by either stadia or direct measurement. Thus, in Fig. 8, the 
plane table having been oriented at Station 4 and the line 
of sight to the point C having been platted at ax, the point c 
may be located by obtaining the distance from 4 to C and lay- 
ing off this distance to the scale of the map on the line ax. 


41. Location by Intersection.—A point may be 
located on the plat by sighting to it with the plane table 
oriented from two stations whose locations are platted on 
the board. The intersection of the platted lines of sight 
from those two stations to the point will determine the 
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position of the point on the plat. Thus, in Fig. 8, the plane 
table is shown in two locations at Stations 4 and B, these 
stations being platted at a and 6. To locate the point C, 
the plane table is set up at 4 and oriented by sighting to B 
along a4, as explained in Art. 38. The board being 
clamped, the telescope is directed to the point C with the 
edge of the ruler in contact with the platted position a of the 
station occupied, and a line ax is drawn representing this 
line of sight. The plane table is then set up at & and oriented 
by sighting to 4 along da, and a line of sight dy is platted 
to C. The intersection c of this line with the line ax drawn 
from a will be the platted location of C. 

This method of location is based on the principle of 
geometry that two triangles are similar when two angles of 
one are equal to two angles of the other. Thus, in Fig. 8, 
the triangle adc is similar to the triangle 4 BC on the 
ground, since the angles adc and bac are platted equal to 
the angles d@ Cand BAC. The sides of these triangles 
are therefore proportional, and as a6 represents 4 B to the 
scale of the map, ac and dc will represent, respectively, A C 
and & C to the same scale. 

To secure a good determination of the point of intersec- 
tion, the lines should, if possible, meet at an angle not less 
than 30° nor greater than 150°. If a point located by inter- 
section is an important one, sights should be taken to it, if 
practicable, from more than two known points, in order to 
check its position on the map. 


42. Location by Resection.—This method is of great 
advantage in an extensive survey, as it permits the point 
occupied by the plane table to be arbitrarily selected. It 
consists in setting the table over a convenient point from 
which two or more of the points already platted can be 
seen, determining the position on the plat of the point thus 
occupied, and orienting the table at that point, so that other 
points may be observed from it and platted. 

If two points that have already been platted are near at 
‘hand and accessible, the station occupied may be located on 
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the plat by determining the distances from it to those two 
points. Using these distances, to the scale of the map, as 
radii, the intersection of arcs swung from the platted points 
will locate on the map the station occupied. Thus, in Fig. 9, 
the point occupied by the plane table is Station C. It is 
desired to locate on the map the position of Station C, with 
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reference to the platted positions a and 6 of the points 4 
and &. The distances of the points 4 and & from Station C 
are determined either by stadia or by direct measurement; 
then, with @ and 6 as centers and with radii equal, to the 
scale of the map, to the distances 4 C and AC, respectively, 
arcs are swung. The point of intersection c of these arcs 
is the platted position of the point C. 

If it is desired to locate additional points from this station, 
the plane table .is oriented by placing the edge of the ruler 
in contact with ca ore é and directing the telescope to 4 or &, 
as the case may be. 


43. If the station occupied and to be located on the 
map is on a line that has been platted from another station, 
its position on the map is determined as follows: Let C, 
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Fig. 10, be a point on the ground to which a line of sight 
was directed when the table was set and oriented at 4, and 
let ax be the platted position of that line of sight. The 
plane table is oriented by placing the edge of the ruler in 
contact with the line ax and directing the telescope to 
Station 4. Having clamped the board in this position, the 
edge of the ruler is placed in contact 
with another platted point 4, and the ot3 
ruler turned about this point until \ 
the telescope is directed to the cor- \ 
responding point ( in this case) on \ 
the ground, and the line of sight is \ 
platted. The intersection ¢ of this : 
line with the line ax is the platted \ 
position of the point C. ‘ 
When the point occupied has not 4 
been sighted to before, and its dis- 
tances from other known points can- \ 
not be conveniently obtained, its 
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position on the map is determined by the solution of one of 
two problems, known, respectively, as the three-point problem 
and the two-point problem—the former occurring when three 
known stations are visible from the station occupied, and the 
latter when only two stations are visible. ‘The former con- 
dition is preferable to the latter, and, whenever possible, the 
station occupied should be so chosen that three known sta- 
tions already located on the map can be seen from it. 


44, The Three-Point Problem.—Let the plane table 
be set over a point P, Fig. 11, from which three points 
A, B, C, platted at a, 6, and c, respectively, are visible. The 
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three-point problem consists in the determination of the 
point g on the map corresponding to the point P on the ground; 
that is, of a point on the map whose position with reference 
to a, 6, andc shall be the same as that of P with reference to 
A, B,and C. For convenience, the board is turned so that 
the points a, 6, and c occupy about the same relative posi- 
tions on the board as are occupied by the points 4, B, and C 
on the ground; in other words, the table is approximately 
oriented by the eye. A piece of tracing cloth or paper ssss, 
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large enough to cover the three platted points and the esti- 
mated location of the station occupied, is fastened to the 
board over the plane-table paper. A point J’ is chosen on 
the tracing cloth approximately in the same position with 
reference to the points a, 6, and c¢ that Station FP has 
with reference to the points 4, 2, and C. With the edge of 
the ruler in contact with the point f’, the telescope is directed 
successively to 4, B, and C, and the lines of sight are platted, 
as shown at jp/a’, p’d’, and p/cl. The alidade is then 
removed and the tracing cloth is unfastened and shifted on 
the drawing paper to a position in which the lines f’ a’, p/ 0’, 
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and p/c’ pass through the platted points a, 6, and c, as shown 
at Dp’ al’, pb", pc’, which are then the positions of p/a’, 
p’ b’, and p’c’, respectively, p” being the position of fp’. The 
point ” is over the exact position of f and can be pricked 
through with a fine needle point. The tracing paper is then 
removed and the alidade is replaced on the table. With the 
edge of the ruler in contact with the pricked point # and one 
of the platted points, such as a, the table is turned in azimuth 
until the telescope is directed to the point on the ground 
that the platted point (a in this case) represents. By this 
operation, the plane table is oriented and the board is then 
clamped. If desired, the position of may be checked by 
sighting to the points B and C with the edge of the ruler in 
contact, respectively, with the points 6 and c, and platting 
the lines of sight. These lines will intersect at J if the work 
has been accurately done. 

Care should be exercised to keep the tracing cloth free 
from wrinkles and not to stretch it in the process of fasten- 
ing over the drawing paper. 


45. The Two-Point Problem.—Let C, Fig. 12 (a), be 
a station from which two points 4 and B, platted at a and 4, 
are visible. It is required to determine the platted position 
of C. To do this, a fourth point JY is chosen in such a posi- 
tion that 4, B, and C are visible from it and that the lines of 
sight from C and D to A and & will make with each other 
angles sufficiently large for good intersections. The plane 
table is set up at J, approximately oriented by the eye, and 
clamped. A point d is chosen on the board about in the 
same position with reference to a and 6 that the point occu- 
pied has with reference to A and &. The point D is located 
directly under d by means of the plumbing arm. With the 
edge of the ruler in contact with d, the telescope is directed 
successively to 4, B, and C and the lines of sight are platted, 
as shown at da’, db'!, and dc’. The plane table is then set 
up at Station C (the station to be located on the map) and 
by placing the edge of the ruler on the line ¢’d and direct- 
ing the telescope to Station D, the board is oriented with 
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reference to the line CD. A point c”’ on the line c’d is chosen 
to represent the Station C. (This is generally done by esti- 
mating the distance from C to D and laying it off from d to 
the scale of the map, but the distance dc” does not affect the 
result, and, therefore, ¢’ may be taken anywhere on dc’.) 
With the edge of the ruler in contact with c’’, the telescope 
is directed successively to the points 4 and B, and the lines 
of sight are platted. These lines will intersect the lines da’ 
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and dd’ at a’ and 6”, respectively. The points 4 and # are 
thus located by intersection, with reference to DC, at a” and 
6’, and the line a” 6’ is parallel to 4 B. To orient the plane 
table, the platted line ad must be made parallel to 4A. 
This is now readily accomplished by placing the edge of the 
ruler on the line a” 4’ and setting a rod or other mark in line 
at any convenient point at least 500 feet from the plane table. 
The board is then unclamped, and, with the edge of the ruler 
on the line a 4, turned until the line of sight bisects the rod. 
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The distance between the points a and a” is so small com- 
pared with the length of the sight to the rod, that the line aé 
may be considered to coincide with the former position of 
the line ad”, which was parallel to 482. Therefore, the 
board may be considered as oriented. By sighting to 4 with 
the alidade in contact with a, and to AB with the alidade in 
contact with 6, the platted lines representing these sights 
will intersect at a point c, which is the platted position of the 
station occupied. The board is now in position to locate 
any additional points from Station C. 

The auxiliary lines necessary for the solution of this prob- 
lem are sometimes drawn on tracing cloth fastened to the 
board, and the position of the point c when obtained is 
pricked through to the drawing paper. The tracing cloth is 
then removed. 


46. Compass Orientation.—When the plane table is 
in orientation, a magnetic meridian may be established by 
means of the declinator, which is placed on the board 
and moved until the needle points to the north point of the 
compass. A line drawn along the side of the declinator box 
that is parallel to the needle will indicate a magnetic merid- 
ian. The plane table may be oriented roughly, that is, 
within the degree of accuracy of the compass, at any 
succeeding station by placing the side of the declinator box 
in contact with the magnetic meridian as drawn on the 
board and turning the board until the needle points to the 
north point of the compass box. Compass orientation is 
often used in the preliminary operation of the solution of 
the two-point and the three-point problem, and also in 
running rough traverse lines to locate unimportant roads, 
streams, fence lines, etc. 
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STADIA REDUCTION TABLE 


0° r° 2° Ba 

Minutes | 
Hor. Diff) Hors | Diff. | Hor. | Diffs |pHorsy Dit: 
Dist. |Elev.| Dist. | Elev. | Dist. | Elev. | Dist. | Elev. 
fo) 100.00 | .00/99.97]| 1.74 | 99.88] 3.49 | 99.73] 5.23 
2 100.00| .06|99.97| 1.80 | 99.87] 3.55 | 99.72] 5.28 
4 100.00] .12|99.97| 1.86 | 99.87] 3.60 | 99.71 | 5.34 
6 100.00) 317 1|/90.96)) 1.02) 190.07 | 3-06. |'90.710) 5240 
8 100.00] .23/99.96| 1.98 | 99.86] 3.72 | 99.70] 5.46 
10 100.00 | .29|99.96| 2.04 | 99.86} 3.78 | 99.69 | 5.52 
12 100.00] .35199.96| 2.09 | 99.85 | 3.84 | 99.69 | 5.57 
14 100.00] .41|99.95]| 2.15 | 99.85 | 3.89 | 99.68] 5.63 
16 100.00| .47]99.95| 2.21 | 99.84] 3.95 | 99.68] 5.69 
18 100.00 | .52/99.95| 2.27 |99.84| 4.01 | 99.67] 5.75 
20 100.00 | .58/99.95| 2.33 | 99.83] 4.07 | 99.66| 5.80 
22 100.00] .64| 99.94! 2.38 | 99.83] 4.13 | 99.66! 5.86 
24 100.00 70|199.94| 2.44 | 99.82] 4.18 | 99.65] 5.92 
26 99-99 | -76/ 99.94} 2.50 |99.82| 4.24 | 99.64] 5.98 
28 99.99 | .81/ 99.93] 2-56 | 99.81} 4.30 | 99.63 | 6.04 
30 99-99 | .87| 99.93 | 2.62 | 99.81) 4.36 | 99.63 | 6.09 
32 99-99 | .93/ 99.93] 2.67 | 99.80] 4.42 | 99.62] 6.15 
34 99-99 | -99/ 99.93] 2-73 |99.80| 4.47 | 99.61 | 6.21 
36 99.99 | 1.05 | 99.92 | 2.79 | 99-79] 4.53 | 99.61 | 6.27 
38 99.99 | I.11 | 99.92 | 2.85 | 99.79] 4.59 | 99.60] 6.32 
40 99.99 | 1.16 | 99.92 | 2.91 | 99.78] 4.65 | 99.59| 6.38 
42 99.99 | 1.22) 99.91 | 2.97 | 99.78] 4.71 | 99.58] 6.44 
44 99.98 | 1.28] 99.91 | 3.02 | 99.77] 4.76 | 99.58] 6.50 
46 99.98 | 1.34 | 99.90] 3.08 |99.77| 4.82 | 99.57 | 6.56 
48 99.98 |1.40| 99.90] 3.14 | 99.76] 4.88 | 99.56] 6.61 
50 99-98 | 1.45 | 99.90 | 3.20 | 99.76) 4.94 | 99.55 | 6.67 
52 99.98 | 1.51 |.99.89 | 3.26 | 99.75] 4-99 | 99.55] 6.73 
54 99.98 | 1.57/ 99.89 | 3.31 | 99.74] 5.05 |99.54| 6.79 
56 99-97 | 1.63 | 99.89 | 3-37 | 99-74] 5.11 | 99.53| 6.84 
58 99.97 | 1.69; 99.88] 3.43 | 99.73] 5.17 | 99.52] 6.90 
60 99-97 | 1.74| 99.88] 3.49 | 99-73] 5-23 | 99.51] 6.96 
= ws Ase OL E75 02 575 | 03 37.54) BeOS 
z= 1.00 1.00 .OI I.00 -03 I.00 -04 I.00 .06 
PS lS 1625 ee sO2)) T2819 .03 4. 1285.0 eo OSeic1.2s woe 
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STADIA REDUCTION TABLE—Continued 


4° ie 6° ape 


Minutes 
HOt. | Oita | One ie Ditts eons eDitees |= Hore jn Ditt 
Dist. | Elev. | Dist. | Elev. | Dist. | Elev. | Dist. | Elev. 


0) 99.51 | 6.96 | 99.24 8 | 98.91 | 10.40 | 98.51 | 12.10 
2 99.51 | 7.02 | 99.23 4|98.90 | 10.45 | 98.50] 12.15 
4 99.50| 7.07 | 99.22 0 | 98.88 | 10.51 | 98.49 | 12.21 
6 |99.49| 7.13 | 99.21 5 | 98.87 | 10.57 | 98.47 | 12.27 
8 I | 98.86 | 10.62 | 98.46 | 12.32 


98.85 | 10.68 | 98.44 | 12.38 


98.83 | 10.74 | 98.43 | 12.43 
12.49 
; 98.81 | 10.85 | 98.40 | 12.55 
18 99.44| 7.48 | 99.15] 9.20] 98.80 | 10.91 | 98.39 | 12.60 
20 99-431 7-53 |99.14]| 9.25 | 98.78 | 10.96 | 98.37 | 12.66 


22 00242))) 7250) 99.13 | -9231-/ 98.77 | 11:02) | 98.361) 12.72 
24 99.41} 7.65 199.11] 9.37|98.76| 11.08 | 98.34 | 12.77 
26 GO One777 oO OulOn ns Or4 30 Oo. 7-4uilt sa O Gass pt 2eos 
28 99.39! 7.76 |99.09| 9.48 | 98.73 | 11.19 | 98.31 | 12.88 
.54 | 98.72 | 11.25 | 98.30 | 12.94 
.60 | 98.71 | 11.30 | 98.28 | 13.00 
5 | 98.69 | 11.36 | 98.27 | 13.05 
THLOSOSNT IeAzalossecuensanr 
TAO CLOVI LILA 7ZANOSs24 lsat 7 
2) || Oreos || 1 he} || ls. |) A 


N 


Ne) 

\O 

BO 

oo 

Si 

Lamal 

\O 

Ke) 

or . 

i) 

o) 
Kom ome) Om on nm om oo 
fel 12) (> Koi ee Cello Ny von 


A Ow 
Ne) 
ee) 
ee) 
NS 
_ 
2 
i 
Ne 
Na) 
ee) 
BS 
_ 


8 | 98.64 | 11.59 | 98.20 | 13.28 
44 99.32 | 8.22 | 99.00] 9.94 | 98.63 | 11.64 | 98.19 | 13.33 
46 99.31 | 8.28 | 98.99 | 10.00 | 98.61 | 11.70 | 98.17 | 13.39 
48 99.30| 8.34 | 98.98 | 10.05 | 98.60 | 11.76 | 98.16 | 13.45 
50 99.29 | 8.40 | 98.97 | 10.11 | 98.58 | 11.81 | 98.14 | 13.50 


52 99.28] 8.45 | 98.96] 10.17 | 98.57 | 11.87 | 98.13 | 13.56 . 
54 99.27 | 8.51 | 98.94 | 10.22 | 98.56 | 11.93 | 98.11 | 13.61 
56 99.26} 8.57 | 98.93 | 10.28 | 98.54 | 11.98 | 98.10 | 13.67 
58 99.25 | 8.63 | 98.92 | 10.34 | 98.53 | 12.04 | 98.08 | 13.73 
60 99.24 | 8.68 | 98.91 | 10.40 | 98.51 | 12.10 | 98.06 | 13.78 


= als ary) XaXs) ays .07 lg .08 -74 .10 
2 =.1.00}, 1.00) .08 | 1-00 .10 -99 piel -99 Pg 
= AG] wee] oli@ || taal SUA Thee! a Almelo .16 
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STADIA REDUCTION TABLE—Continued 
8° 9 10° aTiag 
Minutes E ; f : 
Hor IDiti. | MELor Diff. |) Hor Diff. | Hor Diff 
Dist. | Elev. | Dist. | Elev. | Dist Elev. | Dist Elev 
6) 98.06 | 13.78 | 97.55 15.45 | 96.98 | 17.10 96.36 | 18.73 
2 98.05 | 13.84 | 97.53 | 15.51 | 96.96 | 17.16 | 96.34 | 18.78 
4 98.03 | 13.89 | 97.52 | 15.56 | 96.94 | 17.21 | 96.32 | 18.84 
6 98.01 | 13.95 | 97.50 | 15.62 | 96.92 | 17.26 | 96.29 | 18.89 
8 98.00 | 14.01 | 97.48 | 15.67 | 96.90 | 17.32 | 96.27 | 18.95 
10 97.98 | 14.06 | 97.46 | 15.73 | 96.88 | 17.37 | 96.25 | 19.00 
12 97.97 | 14.12 | 97.44 | 15.78 | 96.86 | 17.43 | 96.23 | 19.05 
14 97.95 | 14.17 | 97-43 | 15.84 | 96.84 | 17.48 | 96.21 | 19.11 
16 97.93 | 14.23 | 97.41 | 15.89 | 96.82 | 17.54 | 96.18 | 19.16 
18 97.92 | 14.28 | 97.39 | 15.95 | 96.80| 17.59 | 96.16 | 19.21 
20 97.90 | 14.34 | 97-37 | 16.00 | 96.78 | 17.65 | 96.14 | 19.27 
22 97.88 | 14.40 | 97.35 | 16.06 | 96.76 | 17.70 | 96.12 | 19.32 
24 97-87 | 14.45 | 97-33 | 16.11 | 96.74 | 17.76 | 96.09 | 19.38 
26 97.85 | 14.51 | 97.31 | 16.17 | 96.72 | 17.81 | 96.07 | 19.43 
28 97.83 | 14.56 | 97.29 | 16.22 | 96.70 | 17.86 | 96.05 | 19.48 
30 97.82 | 14.62 | 97.28 | 16.28 | 96.68 | 17.92 | 96.03 | 19.54 
32 97.80 | 14.67 | 97.26 | 16.33 | 96.66 | 17.97 | 96.00 | 19.59 
34 | 97-78] 14.73 | 97-24 | 16.39 | 96.64 | 18.03 | 95.98 | 19.64 
36 97.761 14.79 | 97.22 | 16.44 | 96.62 | 18.08 | 95.96 | 19.70 
38 97-75 | 14.84 | 97.20 | 16.50 | 96.60 | 18.14 | 95.93 | 19.75 
40 97-73 | 14.90 | 97.18 | 16.55 | 96.57 | 18.19 | 95.91 | 19.80 
42 97-71 | 14.95 | 97.16] 16.61 | 96.55 | 18.24 | 95.89 | 19.86 
44 97.69 | 15.01 | 97.14 | 16.66 | 96.53 | 18.30 | 95.86 | 19.91 
46 97.68 | 15.06 | 97.12 | 16.72 | 96.51 | 18.35 | 95.84 | 19.96 
48 97.66 | 15.12 | 97.10 | 16.77 | 96.49 | 18.41 | 95.82 | 20.02 
50 97.64 | 15.17 | 97.08 | 16.83 | 96.47 | 18.46 | 95.79 | 20.07 
52 97.62 | 15.23 | 97.06 | 16.88 | 96.45 | 18.51 | 95.77 | 20.12 
54 97.61 | 15.28 | 97.04 | 16.94 | 96.42 | 18.57 | 95.75 | 20.18 
56 97-59 | 15.34 | 97-02 | 16.99 | 96.40 | 18.62 | 95.72 | 20.23 
58 97.57 | 15.40 | 97.00 | 17.05 | 96.38 | 18.68 | 95.70 | 20.28 
60 97-55 | 15-45 | 96.98 | 17.10 | 96.36 | 18.73 | 95.68 | 20.34 
ame PAS sei shen 74 -I2 74 aly) 78 sits 
z= 1.00] .99 eis -99 17, .98 .18 .98 20 
$= 1.25), 1.24 sil MeEREe Ss cot mee 3 22) eee 25 
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STADIA REDUCTION TABLE— Continued 
12° 13° 14° 15° 

Minutes 
Hor Diff Hor Ditty |peelor IDsbae. || 1el@ne Diff. 
Dist Elev. | Dist. | Elev. | Dist. | Elev. | Dist. | Elev. 
fe) 95.68 | 20.34 | 94.94 | 21.92 | 94.15 | 23.47 | 93.30 | 25.00 
2 DSS | 2O3O | OAH | BuO) | Qo u2 | 2B0H2 || ©B.27 | BGOS 
4 95-63 | 20.44 | 94.89 | 22.02 | 94.09 | 23.58 | 93.24 | 25.10 
6 95.61 | 20.50 | 94.86 | 22.08 | 94.07 | 23.63 | 93.21 | 25.15 
8 95-58 | 20.55 | 94.84 | 22.13 | 94.04 | 23.68 | 93.18 | 25.20 
10 5-501 20200) 94-60 (22.16 04-00 123273 0216) 2525 
12 O58 | ZOMG | OA. 7@) || 22.22 | ORO || BBa7} | OG.UB | QE. 
14 OSH okH | GOL | O2070 || B2A23-| OBOS | GZS | ©8aii@) | 2E.Bs 
16 | 95.49 | 20.76 | 94.73 | 22.34 | 93-93 | 23.88 | 93.07 | 25.40 
18 | 95.46 | 20.81 | 94.71 | 22.39 | 93-90 | 23.93 | 93-04 | 25.45 
20 95.44 | 20.87 | 94.68 | 22.44 | 93.87 | 23.99 | 93.01 | 25.50 
22 95.41 | 20.92 | 94.66 | 22.49 | 93.84 | 24.04 | 92.98 | 25.55 
24 95-39 | 20.97 | 94.63 | 22.54 | 93.82 | 24.09 | 92.95 | 25.60 
26 95.36 | 21.03 | 94.60 | 22.60 | 93.79 | 24.14 | 92.92 | 25.65 
28 95.34 | 21.08 | 94.58 | 22.65 | 93.76 | 24.19 | 92.89 | 25.70 
30 =| 95.32 | 21.13 | 94.55 | 22:70 | 93.73 | 24.24 | 92.86 | 25.75 
B2 OQ 2®) | AiioitS | O52 || AWS | OFc749 || BAca®) | D233 | BESO 
34 95.27 | 21.24 | 94.50 | 22.80 | 93.67 | 24.34 | 92.80 | 25.85 
36 =| 95.24] 21.29 | 94.47 | 22.85 | 93.65 | 24.39 | 92.77 | 25.90 
38 95.22 | 21.34 | 94.44 | 22.91 | 93.62 | 24.44 | 92.74 | 25.95 
40 95.19 | 21.39 | 94.42 | 22.96 | 93.59 | 24.49 | 92.71 | 26.00 
42 95-17 | 21.45 | 94.39 | 23.01 | 93.56 | 24.55 | 92.68 | 26.05 
44 95.14 | 21.50 | 94.36 | 23.06 | 93.53 | 24.60 | 92.65 | 26.10 
46 O52 12) 21255) 04-34 23.11 | 93-50 24.65 1192.62 | 20115 
48 95.09 | 21.60 | 94.31 | 23.16 | 93-47 | 24.70 | 92.59 | 26.20 
50 95.07 | 21.66 | 94.28 | 23.22 | 93-45 | 24.75 | 92.56 | 26.25 
52 95.04 | 21.71 | 94.26 | 23.27 | 93.42 | 24.80 | 92.53 | 26.30 
54 |95.02 | 21.76 | 94.23 | 23.32 | 93-39 | 24.85 | 92.49 | 26.35 
56 94.99 | 21.81 | 94.20 | 23.37 | 93.36 | 24.90 | 92.46 | 26.40 
58 94.97 | 21.87 | 94.17 | 23.42 | 93-33 | 24.95 | 92.43 | 26.45 
60 94.94 | 21.92 | 94.15 | 23.47 | 93.30 | 25.00 | 92.40 | 26.50 
A=) 7 Sees .16 AB .18 73 .19 B72 .20 
2S NOOO) OS 22 .97 28 .97 25 .96 27 
22125) 122 AG | TBA AQ)|) BAT oil || 1520 38 
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STADIA REDUCTION TABLE— Continued 


Minutes 
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STADIA REDUCTION TABLE—Continued 


20° ae 22° Igy? 

Minutes 
Hor Diff. | Hor Diff isope, || Oye, |) ISkoye, || IDS Ee 
Dist Elev. | Dist Elev. | Dist. | Elev. | Dist. | Elev. 
0 | 88.30 | 32.14 | 87.16 | 33.46 | 85.97 | 34.73 | 84.73 | 35.97 
2 88.26 | 32.18 | 87.12 | 33.50 | 85.93 | 34.77 | 84.69 | 36.01 
4 88.23 | 32.23 | 87.08 | 33.54 | 85.89 | 34.82 | 84.65 | 36.05 
6 88.19 | 32.27 | 87.04 | 33.59 | 85.85 | 34.86 | 84.61 | 36.09 
8 88.15 | 32.32 | 87.00 | 33.63 | 85.80 | 34.90 | 84.57 | 36.13 
IO 88.11 | 32.36 | 86.96 | 33.67 | 85.76 | 34.94 | 84.52 | 36.17 
12 88.08 | 32.41 | 86.92 | 33.72 | 85.72 | 34.98 | 84.48 | 36.21 
14 88.04 | 32.45 | 86.88 | 33.76 | 85.68 | 35.02 | 84.44 | 36.25 
16 88.00 | 32.49 | 86.84 | 33.80 | 85.64 | 35.07 | 84.40 | 36.29 
18 87.96 | 32.54 | 86.80 | 33.84 | 85.60 | 35.11 | 84.35 | 36.33 
20 87.93 | 32.58 | 86.77 | 33.89 | 85.56 | 35.15 | 84.31 | 36.37 
22 87.89 | 32.63 | 86.73 | 33.93 | 85.52 | 35.19 | 84.27 | 36.41 
24 =| 87.85 | 32.67 | 86.69 | 33.97 | 85.48 | 35.23 | 84.23 | 36.45 
26 87.81 | 32.72 | 86.65 | 34.01 | 85.44 | 35.27 | 84.18 | 36.49 
28 87.77 | 32.76 | 86.61 | 34.06 | 85.40 | 35.31 | 84.14 | 36.53 
30 87.74 | 32.80 | 86.57 | 34.10 | 85.36 | 35.36 | 84.10 | 36.57 
32 87.70 | 32.85 | 86.53 | 34.14 | 85.31 | 35.40 | 84.06 | 36.61 
34 87.66 | 32.89 | 86.49 | 34.18 | 85.27 | 35.44 | 84.01 | 36.65 
36 =| 87.62 | 32.93 | 86.45 | 34.23 | 85.23 | 35.48 | 83.97 | 36.69 
38 = | 87.58 | 32.98 | 86.41 | 34.27 | 85.19 | 35.52 | 83.93 | 36.73 
40 | 87.54 | 33.02 | 86.37 | 34.31 | 85.15 | 35.56 | 83.89 | 36.77 
42 87.51 | 33.07 | 86.33 | 34.35 | 85.11 | 35.60 | 83.84 | 36.80 
44 87.47 | 33.11 | 86.29 | 34.40 | 85.07 | 35.64 | 83.80 | 36.84 
46 87.43 | 33-15 | 86.25 | 34.44 | 85.02 | 35.68 | 83.76 | 36.88 
48 | 87,39 | 33.20 | 86.21 | 34.48 | 84.98 | 35.72 | 83.72 | 36.92 
50 =| 87.35 | 33-24 | 86.17 | 34.52 | 84.94 | 35-76 | 83.67 | 36.96 
Be 87.31 | 33-28 | 86.13 | 34.57 | 84.90 | 35.80 | 83.63 | 37.00 
54 | 87.27 | 33.33 | 86.09 | 34.61 | 84.86 | 35.85 | 83.59 | 37.04 
56 =| 87.24 | 33-37 | 86.05 | 34.65 | 84.82 | 35.89 | 83.54 | 37.08 
58 87.20 | 33.41 | 86.01 | 34.69 | 84.77 | 35.93 | 83.50 | 37.12 
60 =| 87.16 | 33.46 | 85.97 | 34.73 | 84.73 | 35-97 | 83.46 | 37.16 
pas ay! eho) .26 -70 ay .69 .29 .69 -30 
Z= 1.00.94 oR -93 37 .92 38 92 40 
2 gS 18st AAW nL LO Zio) si420 48] 1.15 .50 
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STADIA REDUCTION TABLE—Continued 
24° 250 | 26° 27° 
Minutes on 
Hor: ||) Diff. |" Hor: | Diff! | Hor: | Ditts | or, Diff. 
Dist. | Elev. | Dist. | Elev. | Dist. | Elev. | Dist Elev 
(e) 83.46 | 37.16 | 82.14 | 38.30 | 80.78 | 39.40 | 79.39 | 40.45 
2 | 83.41 | 37.20 | 82.09 | 38.34 | 80.74 | 39-44 | 79-34 | 40.49 
4 83.37 | 37.23 | 82.05 | 38.38 | 80.69 | 39.47 | 79.30 | 40.52 
6 83.33 | 37.27 | 82.01 | 38.41 | 80.65 | 39.51 | 79.25 | 40.55 
8 83.28 | 37.31 | 81.96 | 38.45 | 80.60 | 39.54 | 79.20 | 40.59 
10 83.24 | 37.35 | 81.92 | 38.49 | 80.55 | 39.58 | 79.15 | 40.62 
12 83.20 | 37.39 | 81.87 | 38.53 | 80.51 | 39.61 | 79.11 | 40.66 
14 83-15 | 37.43 | 81.83 | 38.56 | 80.46 | 39.65 | 79.06 | 40.69 
16 83.11 | 37.47 | 81.78 | 38.60 | 80.41 | 39.69 | 79.01 | 40.72 
18 83.07 | 37.51 | 81.74 | 38.64 | 80.37 | 39.72 | 78.96 | 40.76 
20 83.02 | 37.54 | 81.69 | 38.67 | 80.32 | 39.76 | 78.92 | 40.79 
22 82.98 | 37.58 | 81.65 | 38.71 | 80.28 | 39.79 | 78.87 | 40.82 
24 82.93 | 37.62 | 81.60 | 38.75 | 80.23 | 39.83 | 78.82 | 40.86 
26 82.89 | 37.66 | 81.56 | 38.78 | 80.18 | 39.86 | 78.77 | 40.89 
28 82.85 | 37.70 | 81.51 | 38.82 | 80.14 | 39.90 | 78.73 | 40.92 
30 82.80 | 37.74 | 81.47 | 38.86 | 80.09 | 39.93 | 78.68 | 40.96 
32 82.76 | 37.77 | 81.42 | 38.89 | 80.04 | 39.97 | 78.63 | 40.99 
34 82.72 | 37.81 | 81.38 | 38.93 | 80.00 | 40.00 | 78.58 | 41.02 
36 82.67 | 37.85 | 81.33 | 38.97 | 79.95 | 40.04 | 78.54 | 41.06 
38 82.63 | 37.89 | 81.28 | 39.00 | 79.90 | 40.07 | 78.49 | 41.09 
40 82.58 | 37.93 | 81.24 | 39.04 | 79.86 | 40.11 | 78.44 | 41.12 
42 82.54 | 37.96 | 81.19 | 39.08 | 79.81 | 40.14 | 78.39 | 41.16 
44 82.49 | 38.00 | 81.15 | 39.11 | 79.76 | 40.18 | 78.34 | 41.19 
46 82.45 | 38.04 | 81.10 | 39.15 | 79.72 | 40.21 | 78.30 | 41.22 
48 82.41 | 38.08 | 81.06 | 39.18 | 79.67 | 40.24 | 78.25 | 41.26 
50 82.36 | 38.11 | 81.01 | 39.22 | 79.62 | 40.28 | 78.20 | 41.29 
52 82.32 | 38.15 | 80.97 | 39.26 | 79.58 | 40.31 | 78.15 | 41.32 
54 82.27 | 38.19-| 80.92 | 39.29 | 79.53 | 40.35 | 78.10 | 41.35 
56 82.23 | 38.23 | 80.87 | 39.33 | 79.48 | 40.38 | 78.06 | 41.39 
58 82.18 | 38.26 | 80.83 | 39.36 | 79.44 | 40.42 | 78.01 | 41.42 
60 82.14 | 38.30 | 80.78 | 39.40 | 79.39 | 40.45 | 77.96 | 41.45 
i= 75 .68 Shi .68 32 .67 333 .67 +35: 
t= 1.00] .91 41 .90 -43 .89 -45 .89 -46 
Ci 25) ee bd .52 (ates See es hay) cea ey 58 
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STADIA REDUCTION TABLE— Continued 


28° 29° 30° 

Minutes 
Hor. Diff. Hor Diff. Hor Diff. 
Dist. Elev. Dist Elev Dist Elev 
fe) 77.96 | 41.45 | 76.50 | 42.40 | 75.00 | 43.30 
2 77-91 | 41.48 | 76.45 | 42.43 | 74.95 | 43.33 
4 TFeOO NW 4ALs52) 70:40 | 42.40 1074.00. | 43.30 
6 77-81 | 41.55 | 7635 | 42.49 | 74.85 | 43.39 
8 77-77 | 41:58 | 76.30 | 42.53 | 74.80 | 43.42 
10 77-72 | 41.61 | 76.25 | 42.56 | 74.75 | 43-45 
12 77-67 | 41.65 | 76.20 | 42.59 | 74-70 | 43-47 
14 77-02 | 41.08 | 76.15 | 42.62 | 74.65 | 43.50 
16 Pps || Aitait || Gea) | AALS || PAGO) |) Agate 
18 Pie | AiGiZy | GOLOR |) MAGE | GAS || Aas 
20 77-48 | 41.77 | 76.00 | 42.71 | 74-49 | 43.59 
22 77-42 | 41.81 | 75.95 | 42.74 | 74-44 | 43.62 
24 77-38 | 41.84 | 75.90 | 42.77 | 74.39 | 43.65 
26 77-33 | 41.87 | 75.85 | 42.80 | 74.34 | 43.67 
28 Tje2 O41 O OMe 5500) Ned 2eoamle4 -2Omiediae7.O 
30 77-23 | 41.93 | 75-75 | 42.86 | 74.24 | 43.73 
32 77-18 | 41.97 | 75-70 | 42.89 | 74.19 | 43.76 
34 77-13 | 42.00 | 75.65 | 42.92 | 74.14 | 43.79 
36 77-09 | 42.03 | 75.60 | 42.95 | 74.09 | 43.82 
38 77-04 | 42.06 | 75.55 | 42.98 | 74.04 | 43.84 
40 76.99 | 42.09 | 75.50 | 43.01 | 73-99 | 43.87 
42 76.94 | 42.12 | 75.45 | 43.04 | 73-93 | 43.90 
44 76.89 | 42.15 | 75-40 | 43.07 | 73.88 | 43.93 
46 76.84 | 42.19 | 75-35 | 43-10 | 73-83 | 43.95 
48 76.79 | 42.22 | 75.30 | 43.13 | 73-78 | 43.98 
50 76.74 | 42.25 | 75-25 | 43.16 | 73.73 | 44.01 
52 76.69 | 42.28 | 75.20 | 43.18 | 73.68 | 44.04 
54 76.64 | 42.31 | 75-15 | 43-21 | 73-63 | 44.07 
56 76.59 | 42.34 | 75.10 | 43.24 | 73.58 | 44.09 
58 76.55 | 42.37 | 75.05 | 43.27 | 73-52 | 44.12 
60 76.50 | 42.40 | 75.00 | 43.30 | 73.47 | 44.15 
= 27/5 .66 36 .65 Say) .65 38 
= 10© .88 .48 .87 .49 .86 slg 
= 1a Eg) .60 1.09 .62 1.08 .63 
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TOPOGRAPHIC SURVEYING 


TOPOGRAPHY AND SLOPE MEASURE- 
MENT 


DEFINITIONS AND METHODS 


1. Topography is the detailed representation of the 
physical features of a region, including not only the geo- 
graphical location of its boundaries and all important divi- 
sions of, and objects on, its surface, but also the form of its 
surface with respect.to its elevations and depressions. A 
point is located on a plane surface when the length and 
direction of a line from that point to a point of reference are 
known, or when its coordinates with respect to two axes are 
known. The topographical location of a point includes also 
its elevation above a given level surface. In determining 
the topography of a region, points are located topographi- 
cally in sufficient number and in such positions that the 
change in the surface between any two adjacent points will 
be reasonably uniform, so that the form of the intervening 
surface can be inferred from the points located. From this 
it is evident that the points located should be at the most 
abrupt changes, both in the outline, such as angles, corners 
of conspicuous objects, etc., and in the configuration of the 
‘surface, such as the crests of ridges, bottoms of ravines, etc. 


2. Topographic surveying is the operation of deter- 
mining the topographical features of any portion of the 
earth’s surface, including the location of points within the 
limits of the district surveyed and the relative elevations or 
depressions of the surface at the different points. It thus 
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determines the positions and forms of prominent objects and 
the inequalities of the surface. Three general methods, dif- 
fering with regard to the instruments used, are employed in 
making topographic surveys; namely, the transit and level 
method, the stadia method, and the plane-table method. 


3. Transit and Level Method.—In this method, objects 
are located by means of a compass or transit for the azimuths 
and a chain or tape for the linear measurements, while the 
relative elevations are determined by means of a leveling 
instrument, sometimes supplemented by a clinometer or 
slope ievel. 

This method is well adapted to surveys for the location of 
railroads and to similar surveys that relate to lines rather 
than to areas, and in which the topography is required to 
cover only comparatively narrow strips of country contigu- 
ous to the lines. In such surveys, the entire process is based 
on the line of the survey, which is usually alined with a 
transit and measured with a chain or tape, and the elevations 
are taken over it with a leveling instrument. 


4, Stadia Method.—Points are located by means of a 
transit for the azimuths. The transit is equipped with a 
level on the telescope, a vertical arc or circle, and stadia 
wires. The distances and the differences of elevation are 
determined by stadia measurement. This method is adapted 
to all kinds of surveys in which a great degree of accuracy 
is not required. It is without question the best method of 
making a general topographical survey of considerable 
extent, and is especially convenient for preliminary railroad 
location surveys. The stadia method was officially adopted 
by the United States Lake Survey in 18€4. 


5. Plane-Table Method.—Points located by the plane 
table are at once platted on the map, which is thus prepared 
in the field without the intermediate process of reading and 
recording angles and distances. This method is well adapted 
to mapping, especially for filling in the details after the 
principal lines of a survey have been determined by other 
means. It has been used extensively for this purpose by 
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the United States Coast and Geodetic Survey and the United 
States Geological Survey. It is also adapted for smaller 
surveys, such as that of a park, in which it is desired to 
locate very numerous objects within a small area, and in 
surveys for rough maps, the time for making which is 
limited and in which only some of the principal points are 
located accurately, the other features being sketched in by 
eye. 

If the area to be covered is long and narrow, as in a rail- 
road survey, the line of survey is taken as a line of reference 
for the location of all points. The elevations are determined 
from a line of levels, which is generally run along with the 
survey line. At suitable intervals along the line, generally 
at each station (unless the ground is very regular), cross- 
sections are taken at each side of the line and at right angles 
to it; in these the rates of slope of the surface are determined. 


6. The Rate of Slope.—The rate of slope is determined 
either by measuring the horizontal and vertical distances 
between two points in the slope or by measuring the angle 
of the slope. In the former method, the vertical distance 
that some point of the slope is above or below the beginning 
of the slope is measured with a level and rod, and the hori- 
zontal distance with a tape. A hand level, described in 
Art. 7, is generally used in this work. The angle of the 
slope is determined by means of a clinometer, described in 
Art. 9. Slopes of the natural surface are generally desig- 
nated by the vertical rise or fall in any given number of 
feet measured horizontally. Thus, a slope of 1 in 20 indicates 
a rise or fall of 1 foot in 20 feet measured horizontally. In 
earthwork, such as a railroad or other embankment, a slope 
is generally designated by the ratio of the horizontal 
measurement to the vertical measurement, the latter being 
reduced to 1. Thus, a slope of 20 feet vertical in 30 feet 
horizontal is designated as a 12 to 1 slope, and is usually 
expressed thus: 14:1. Slopes are sometimes designated 
by the slope angle. Thus, a 45° slope indicates an angle of 
45° with the horizontal. 
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7. The Hand Level.—The usual form of this level is 
shown in Fig. 1; it is called the Locke level, from the 
name of the inventor. It consists of a brass tube 4 B about 
6 inches long, usually finished in bronze or nickel plated, 
and having on the top near the object end a small spirit 
level C. Beneath the level is an opening in the tube through 
which, by means of a reflecting prism placed below it, the 
bubble can be seen when the eye is placed at the small 
opening D in the eye end. The reflecting prism occupies 
one-half the cross-section of the tube and is set at an angle 
of 45° to the line of sight; any object toward which the level 


is directed can be seen through the part of the tube unob- 
structed by the mirror. A cross-wire is placed directly 
below the center of the level in such position that, as 
reflected, it will bisect the bubble when the line of sight 
is horizontal. If the level is held to the eye and directed 
toward a distant object, and its object end is raised or low- 
ered until the bubble is bisected by the cross-wire, the point 
on the distant object with which the cross-wire coincides, as 
seen through the unobstructed portion of the tube, is at the 
same elevation as the eye. 


8. Cross-Sectioning With a Hand Level.—This may 
be done by a topographer and one rodman. Usually, how- 
ever, the topographer has three assistants—one rodman 
and two tapemen. The latter merely make the horizontal 
measurements as directed by the topographer or rodman. 
A metallic tape, 50 or 100 feet long, and a regular self-read- 
ing level rod are generally used; though for extensive cross- 
sectioning, a special rod, similarly graduated, but lighter and 
longer, is sometimes preferred. Before beginning the work, 
the topographer, by standing alongside the rod, measures the 
height of his eye above the ground, which height is a con- 
stant quantity to be subtracted from all rod readings except 
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when the observations are extended by means of a backsight 
and foresight. The topographer, standing at the station on 
the line of survey where a cross-section is to be taken, deter- 
mines by the eye the right-angle line on which the elevations 
are to be taken, and generally selects a point some distance 
off in line with which the rodman is kept when the rod read- 
ings are taken. The readings are taken at the points where 
the slope seems to change or at points where the top or 
bottom of the rod is level with the eye of the topographer. 
The points where elevations are taken are located by hori- 
zontal measurements from the survey line or from points 
already located. On a steep ascending slope the topog- 
rapher, after determining the right-angle line, walks along 
it up the slope until his eye is about level with the top of the 
rod, when the latter is held at the station on the survey line. 
The rod reading on the station, less the height of the topog- 
rapher’s eye above the ground, determines the height above 
the station of the point where he is standing. On an ascend- 
ing slope that is not steep, and on a descending slope, the 
topographer stands at the station while the rodman holds 
the rod on the first point on which a reading is to be taken. 
The topographer then stands at the point formerly occupied 
by the rod, and the rodman proceeds up or down the slope 
to give another sight. By continuing the sights, the cross- 
section is made to cover as much ground on each side of the 
survey line as may be desired. The topographer, by taking 
a rod reading on a point whose elevation has already been 
determined, determines the height of his eye above the 
known point. It is often desirable to continue this sight to 
a point still further from the survey line. The eye of the 
topographer remains at the same height as he turns around 
and takes a rod reading on the latter point, the elevation of 
which above or below the preceding point is equal to the 
difference between the two rod readings. These are similar 
to a backsight and foresight in direct leveling. 

It is sometimes desired to take a sight on the rod when 
its top is below the level of the topographer’s eye. ‘This 
is accomplished by “‘shinning the rod’”’; that is, by the 
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rodman raising the rod off the ground so that the top is 
sufficiently high. The bottom is generally held against his 
legs or body to steady it. After the reading has been taken 
by the topographer, the rodman measures with the rod the 
distance from the ground to the point to which the bottom 
of the rod was raised. This distance is called out to the 
topographer, who adds it to the rod reading. If the ground 
is flat, the length of a sight is limited by the distance away 
that the figures on the rod can be plainly read. The topog- 
rapher must decide, from the nature of the ground and from 
the purpose for which the topography is desired, how far 
on each side of the survey line the cross-section should 
extend. Ascending slopes are recorded as + and descending 
slopes as —. 


9. The Clinometer.—By means of a clinometer, or 
slope level, the angle that a slope makes with the horizontal 
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is determined. A simple form of this instrument is shown 
in Fig. 2; it consists of a straight bar a 6 about 6 inches long, 
to which is attached the movable arm m2, which carries a 
Spirit level 7 and turns on a hinge at m. The direction of 
the arm with reference to the bar a@é is shown by the quad- 
rant scale gr, which is graduated to degrees. If the bar aé 
is placed on any sloping surface and the arm mm raised until 
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the bubble is at the center of the level tube, the arm will be 
horizontal and its reading on the graduated quadrant will 
be the angle that the slope makes with the horizontal. Since 
the bar a4 is short and the surface of the ground uneven, in 
order that the slope of the surface of the ground, as measured, 
shall be its average slope, a board about 10 feet long, called 
a slope board, or slope rod, is used with the clinometer. 
This board has one straight edge with a portion of the oppo- 
site edge parallel. The straight edge is placed on the slo- 
ping surface of the ground and the bar a6 of the clinometer 
is placed on the opposite parallel edge of the board. It is 
sometimes convenient to attach permanently the clinometer 
to the slope board. 


10. Abney Level and Clinometer.—As now commonly 
made, the clinometer is combined with the hand level, and the 
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combined instrument is known as the Abney level and 
clinometer. Such an instrument is shown in Fig. 3. It is 
similar to an ordinary hand level in every way, except that 
the small spirit level on top of the main tube is movable ina 
vertical plane, so that when the tube is given any inclination, 
the level can be turned to a horizontal position, as indicated 
by the bubble, when the angle of the inclination of the tube 
with the horizontal is shown by means of a graduated arc 
attached to the instrument. The main tube is square in 
cross-section, and its lower side is straight, so that it can be 
applied to any surface. When the spirit level is set in a 
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position parallel to the main tube so as to read zero on the 
graduated arc, the bubble can be seen through the eyepiece, 
as in any hand level, and the instrument can be used as a 
hand level. 

The graduations on the inner arc to the left of the center 
indicate the slope ratio, the left-hand edge of the vernier arm 
being used as an index. The extreme left-hand graduation 
indicates a slope of 1 to 1, the next 1¢ to 1, etc. up to 10 tol. 


11. Cross-Sectioning With the Clinometer.—lIf the 
simple form of clinometer is used, the angle of each slope of 
the cross-section is measured with it, and the horizontal dis- 
tance with a tape. Thus, if the angle of a descending slope 
is found to be 5° and the horizontal distance is 90 feet, it is 


(eo) 
recorded — i Each of the different slopes of a cross-section 


is thus measured and recorded. If the Abney level and 
clinometer is used to determine the angle of the slope, it is 
directed to a point as far above the ground as the instru- 
ment is when held to the eye of the observer. This is readily 
done by sending an assistant up or down the slope and sight- 
ing about to the top of his head. While sighting thus on a 
line parallel to the surface of the ground, the level tube and 
the vernier arm, which is attached to it, are moved until the’ 
bubble is in the center of the tube. The angle is then read 
on the graduated arc, the vernier reading to 5 minutes. The 
advantage of this instrument is that it may be used as a hand 
level when differences of elevation are desired, as in slopes 
that are rough and steep, and as a clinometer when the slopes 
are long and flat. In the latter case, it is sometimes not 
even necessary to do any horizontal measuring, the angle of 
the slope determining the elevation for any desired distance. 


12. Computing Slope Distances From Slope 
Angles.—Having determined the slope angle, the horizon- 
tal distance of the slope equals the difference of elevation 
between the top and the bottom of the slope multiplied by 
the natural cotangent of the slope angle. The difference of 
elevation between the top and the bottom of the slope equals 


TOPOGRAPHIC SURVEYING 9 


the horizontal distance multiplied by the natural tangent of 
the slope angle. Thus, if the slope angle is 5°, the hori- 
zontal distance for a difference of elevation of 10 feet is 
10 cot 5°, or 10 x 11.4 = 114 feet, and the difference of ele- 
vation in a horizontal distance of 100 feet is 100 tan 5°, or 
100 x .087 = 8.7 feet. If a clinometer is used in determin- 
ing slopes, it is sometimes convenient to prepare a table for 
field use giving the natural tangent and cotangent, correct to 
three figures, of angles up to 45°, each quarter degree up 
to 2°, each half degree up to 15°, and each degree up to 45°. 
Such a table can be inserted in the topographer’s field book. 


Fic. 5 108 


138. Cross-Sectioning Illustrated.—Fig. 4 represents 
the right slope at Station 108 of a railroad survey; that is, 
the slope on the right-hand side of the survey line. Fig. 5 
represents the left slope. The topographer, having deter- 
mined that his eye is 5.1 feet above the ground, stands at the 
station and, by looking along the line of survey, generally 
both forwards and backwards, determines a line about at 
right angles to the survey line. The right slope, Fig. 4, is 
taken first. The rodman walks down the slope until he 
reaches &, where the slope changes. The rod is held at this 
point, and the topographer, by means of the hand level, finds 
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that 10.4 feet on the rod is level with his eye. From this is 
deducted 5.1 feet, the height of his eye, and the remainder, 
5.3 feet, is recorded as the difference in elevation between 
the points 4 and &. If there are tapemen in the party, they 
measure the horizontal distance from A to B while the read- 
ing is being taken. If not, the rodman takes one end of the 
tape while the topographer keeps the other and the measure- 
ment. is made after the sight is taken on the rod. The 
distance from A to # is found to be 62 feet, and the slope, 
which is a descending one, is recorded ae 

The topographer then proceeds down the slope to C, where 
his eye is about level with the bottom of the rod at B. The 
rod reading on B is 0.6 foot. The rodman proceeds to D, 
where the slope again changes. The topographer turns 
around at C and obtains the rod reading on DJ, which is 11.7. 
The difference of these rod readings, 11.7 — 0.6 = 11.1, is the 
difference in elevation between Band DY. Since the eleva- 
tion of point C is not desired, its location is not recorded. 
The distance from B to D is found to be 52 feet, and the 
second slope is recorded —~33. 

The topographer moves forwards to the point J, and the 
rodman holds the rod at 4, the foot of the slope. The top 
of the rod is below the level line of sight from the topog- 
rapher’s eye, so the rodman ‘“‘shins the rod,’ holding it 
against his body sufficiently high to be intersected by the 
level line of sight. The rod reading is found to be 11.5 feet. 
The rodman then measures with the rod the distance from 
the ground to the point on his body to which the bottom 
of the rod was raised. This distance, 4.1 feet, is called out to 
the topographer, who adds it to the rod reading and then 
deducts the height of the eye. The distance from D to & 
is found to be 97 feet. This slope is recorded —*73*. 

Having previously determined to continue the cross-section 
for about 200 feet on each side of the line, no further sights 
are necessary, since the topographer sees from the notes that 
a distance of 62 + 52+ 97 = 211 feet has already been cov- 
ered by the sights taken. The party then returns to the 
station to determine the left slope. Since the slope is quite 
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steep, the topographer decides, after having determined a 
line at right angles to the survey line, to proceed up the 
slope to / until his eye is about level with the top of the rod 
when held on the station. The rod reading is 11.8 feet and 
the distance from 4 to F is 28 feet. Deducting the height 
of the eye from the rod reading, the difference in eleyation 
between 4 and Fis found to be 6.7 feet. The rodman then 
holds the rod on Ff and the topographer goes to G, the top 
of the slope. The rod reading on F is 11.4 feet and the dis- 
tance from F to G is 26 feet. Deducting the height of the 
eye, the elevation of G above F is found to be 6.3 feet. 
These two sights are +35 and a Since they are part 
of the same slope, they are sometimes added together 
and recorded thus, +-;;-. The topographer, wishing to con- 
tinue his line of sight at the same level, turns around and 
takes a reading on the rod at A, which is as far away as he 
can read the figures on the rod. The rod reading is 2.0 feet, 
and the distance from G to # is 126 feet. Since the height 
of the eye was 5.1 feet above the ground, this height minus 
the rod reading on A gives 3.1 feet as the difference of ele. 
vation between G and H. ‘This is recorded +735. 

The same slope continues to A, so the distance from 
HT to K is measured and found to be 40 feet. This is added 
to the distance G H and is recorded with the slope as deter- 
mined, 425 for 166 feet, which means that the ground 
slopes ‘at the rate of 3.1 feet in 126 feet for a distance of 
166 feet. The horizontal measurements on the left slope 
(28 + 26 + 126 +40 = 220 feet) exceed the distance from 
the survey line that it is desired.to cover. Therefore, no 
further sights are necessary, and the cross-section at Station 
108 is completed. 

At a station where the line of survey changes direction, 
the cross-section is generally taken on a line that bisects the 
angle formed by the two courses of the survey line. 


14. Cross-Section Notes.—The field notes of cross- 
section work are usually kept in a regular transit book, A 
convenient form is shown on the following page, the left-hand 


12 TOPOGRAPHIC SURVEYING 


page of the note book being shown. This page is usually 
ruied off in six columns. The numbers of the stations are 
recorded in the first column. In the second column is put the 
elevation of the station. The third and fourth columns are 
used for the cross-section notes to the left of the line; and the 
fifth and sixth columns, for the cross-section notes to the right 
of the line. For clearness, a heavy pencil line may be drawn 
over the third and the fifth vertical line of the book so as to 
mark the slope columns. It is sometimes preferred to record 
the elevations in the fourth column, leaving the second, third, 
fifth, and sixth columns for the cross-section notes. The 


Sta.| Elev. Left Slope Right Slope 
so Meee urbe! hig Dee ae _ 2.4 8.9 _ 11.2 foruue! 
: 58 gI 70 51 40 85 
B51 Gg Oy S23) a tid 10.5 
6. —— i — = — _ 
108 | 106.4] + ay for 166/ | + = _ aa e 2 57 


right-hand page is used for sketches and general notes, such 
as the location and description of bench marks, the width and 
depth of streams and the direction of their currents, general 
character of the soil, timber, vegetation, buildings, and other 
important features. It is usually ruled and cross-ruled and 
has a red line down the center. The latter is used to 
represent the line of the survey in any sketches made on 
this page. The notes should begin at the bottom of the 
page so that when facing in the direction in which the survey 
line is being run, the right slope will be on the right-hand 


TOPOGRAPHIC SURVEYING 13 


side of the topographer and objects on either side of the line 
can be sketched in their natural positions with reference to 
the line. 


15. Sketches and Eye Measurements.—In_topo- 
graphical surveying, the work can often be much facili- 
tated by estimating certain unimportant distances by the 
eye. The distances thus estimated may be recorded by 
written notes or represented by means of sketches drawn 
freehand. Such notes, or sketches, as the case may be, are 
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placed on the right-hand page of the notebook. After some 
practice, the topographer is able to estimate distances by 
the eye with some degree of approximation, though this 
method is not to be relied on when accurate results are 
required. In taking slopes, the length of the last one may 
usually be estimated by the eye. More distant objects, 
especially those that lie beyond the probable limits within 
which the location will be made, may be sketched in by the 
aid of the eye alone. 
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Freehand sketches, when made intelligently, are of much 
value in topographical work, especially when supplemented 
by a few judicious measurements. The measurements are 
written in connection with the sketches and represent certain 
distances or dimensions accurately, and by the aid of these, 
other distances or dimensions can be sketched in with a 
reasonable degree of approximation. Such sketches fre- 
quently enable the topographical draftsman to plat correctly 
features concerning which he would be in doubt if they were 
recorded only by the written notes. Many topographical 
features can be represented by means of rough freehand 
sketches, with dimensions and distances marked, much more 
quickly and clearly than they can be recorded by means of 
written descriptions. 

Fig. 6 represents a portion of the right-hand page of a 
topographer’s notebook, on which is drawn a rough freehand 
sketch showing the topographical features of a farm through 
which the line of survey passes. This sketch, in connection 
with the regular notes written on the left-hand page of the 
notebook, gives very complete information regarding the 
locality. The center line of the page is assumed to represent 
the line of survey. 


TOPOGRAPHY OF LIMITED AREAS 


16. General Description of Method.—The method 
here described may be used for making the topographical 
survey of a limited area that is to be laid out, as a new town 
site, an addition to a city, a park, a cemetery, or is to be 
devoted to any other purpose requiring a knowledge of the 
topography of the surface. 

If the boundaries are not clearly defined, the entire tract is 
first surveyed and its boundary lines determined and marked. 
Then, in order to determine the topography, the tract is 
usually divided, as far as possible, into squares or paral- 
lelograms of uniform size, whose sides may have any 
dimensions from about 25 to 100 feet or more, as the con- 
ditions may require. The form chosen for these will depend 
somewhat on the form of the tract, and their size will 
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depend on the physical features of the ground and on the 
degree of accuracy required. The corners of the squares or 
parallelograms are either defined by stakes or are located by 
ranging out and measuring from stakes already set. 

Fig. 7 is assumed to represent a tract of land that is to be 
surveyed for the purpose of determining the topography of 
its surface. It is assumed that a traverse survey locating 
the boundaries has already been made. The tract is to be 
divided by means of lines in two perpendicular directions, 
and 100 feet apart. In dividing tracts in this manner, it is 
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customary to designate by letters the lines that extend in 
one direction, and by figures the lines at right angles to that 
direction. The point at the intersection of any two lines is 
then designated by the letter and figure of the respective 
intersecting lines. Thus, in Fig. 7, the lines perpendicular to 
the side decided on for a base are designated as lines 4, B, 
' C, etc., while the lines parallel to the base are designated as 
lines 1, 2, 3, etc. The intersection of the line D and the 
line 7 is designated as D 1, the intersection of the line & and 
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the line 5 is designated as £5, etc. The intersections of the 
boundary lines with the dividing lines are designated by the 
letters or numbers by which the latter lines are designated, 
affected with an accent or subscript, as A’, B’, 2,, 3,, etc. 
(See Fig. 7.) 


17. Staking Out the Tract.—Different methods may 
be followed in laying out a tract. Any method is satis- 
factory that accurately defines the positions of the points of 
intersection, so that they can be readily located when the 
levels are being taken. For this purpose it is not usually 
necessary to mark all the points of intersection, but a suffi- 
cient number of points should be marked by stakes so that 
the remaining points can be located easily and quickly by 
merely ranging them in from the points that are marked. 
The rougher and more irregular the surface of a tract, the 
more stakes must be set, and a tract of irregular form usually 
requires acomparatively greater number of stakes than a tract 
of rectangular form. If the tract is rectangular in form and 
its boundary lines are complete and unbroken, so that the 
stakes can be set on each boundary line along the entire 
length of the side, and if the tract is comparatively level, so 
that the stakes on one boundary line can be seen from the 
corresponding stakes on the opposite boundary line, it will 
not usuaily be necessary to set stakes at the points on the 
interior of the tract. For, in taking the levels over such a 
tract, the leveling rod can be ranged in between the stakes 
on the boundary lines. 

The surface of the tract represented in Fig. 7 is somewhat 
irregular, as shown by the elevations written at the inter- 
sections of the lines. For these conditions, the following 
method may be adopted in staking out the tract: The 
south side is taken as a base line, and stakes are set along 
this line at intervals of 100 feet, these stakes being marked 
A, B,C, ete. At each of these points lines are run across 
the tract at right angles to the base line, stakes being set at 
intervals of 100 feet. The base line is extended beyond the 
tract so that the lines 4 and / may be drawn. Each interior 


TOPOGRAPHIC SURVEYING 17 


stake is marked by the number of intervals from, and the 
letter of, the stake from which the line is run. Thus, the 
stakes in the line run from the point 4 are marked 4 1, 4 2, 
A3,etc. No cross-lines are run, the squares being com- 
pleted in the sketches and on the map by drawing lines 
throuch 17, 67, Ci,etc. and 41,22, 83, etc. Atter the 
stakes at 41 and #1 have been set, the stake at 7 is put in 
line with them. Likewise, the stake at 2 is put in line with 
A2and £2, and so on, locating the stakes that are not at the 
corners of the squares. Care should be taken to have the 
stakes, as shown by the sketch in the notebook, numbered 
in the same manner as on the ground. If the surface of the 
tract were comparatively level, or of uniform slope, so that 
the stake on any line could be seen from the corresponding 
stake on the opposite line, these would be the only stakes 
necessary to be set, since all the remaining points of inter- 
section could be located by ranging them in from thes? 
stakes with sufficient accuracy for the purpose of taking the 
levels. 


18. Taking the Levels.—After the required number of 
stakes have been set, the levels are taken over the tract, 
determining the elevations at all points of intersection and 
at any intermediate points where the slope changes abruptly. 
Such an intermediate point is generally located in a direct 
line between two intersections by its distance from the inter- 
section having the lower letter or number. This distance is 
measured with a tape, approximated by pacing, or merely 
estimated by the eye, according to the conditions and to the 
degree of accuracy required, and is recorded as a plus. The 
tops of knolls and the low points of depressions are generally 
located when they are not crossed by the line between two 
intersections. 

The levels should be taken in such order as is advanta- 
geous, which will depend on the nature of the ground, the 
object being to take rod readings at each of the intersec- 
tions and other points with as few settings of the level as 
possible. To be sure that rod readings are taken at all the 
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intersections, those taken from each setting are checked off 
on the sketch or sketches in which they are all shown. 


19. Form of Notes.—The notes are substantially the 
same as ordinary level notes, with the addition on the right- 
hand page of sketches, showing the form and dimensions of 
the tract surveyed, the manner in which it is divided, and the 
method of numbering the stations. Each station is desig- 
nated by its letter and number, since the levels are not usually 
taken successively along one line. 


TOPOGRAPHY BY TRANSIT AND STADIA 


20. Survey of a Large Area.—In making the survey 
of alarge area by stadia measurement, it is customary, before 
beginning the stadia work proper, to establish a number of 
controlling points whose positions with reference to each 
other are determined and from which the various stadia lines 
can be begun. ‘The azimuths and lengths of the lines joining 
these established points are determined and a line of levels is 
run to ascertain the elevations of these points with reference to 
acommon datum. The tract is generally divided into a series 
of triangles, the angles and sides of which are carefully 
measured, or computed, thus forming an accurate framework 
on which to build the map by filling in the details deter- 
mined by stadia measurement. 

This framework sometimes consists of two or more ran- 
dom lines carefully run through the tract, with tie-lines 
connecting them at convenient points. 


21. Survey of a Small Area.—In the survey of a 
small tract, it is not usually necessary to establish a frame- 
work for the map.» The magnetic bearing of any line of the 
survey can be observed, the azimuth of the line calculated 
from its bearing, and this azimuth taken as a basis from 
which to determine the azimuths of the other lines of 
the survey. 

Fig. 8 represents a small tract to be surveyed. It is 
assumed that the magnetic bearing of that part of Mead 
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Road, south of Mill Road, as observed from the angle in 
Mead Road, is found to be N 7° 30’ E. It is also assumed 
that from the records of another survey, the elevation of the 
center of Mill and Mead Roads at their intersection is known 
to be 173.2 feet. It is required to locate the brook forming 
the eastern boundary of the tract, the roads, fences, and 
buildings, and also to determine the elevations of a sufficient 
number of points to show the topography of the tract. 

The party consists of an observer, a recorder, and two 
rodmen. The survey is conducted as follows: The transit 
is first set up over a point in the center of Mead Road 
at the angle south of Mill Road, which point is Station 1 of 
the survey, and is so marked in the notes and figures. It is 
decided to close the survey at the intersection of the center 
lines of Mead and Mill Roads, and, since the number of 
intervening stations is not yet known, this point is tempora- 
rily marked x, as shown in the notes and sketches following 
this description. 

Considering the azimuth to be measured from the north 
point clockwise, the azimuth of the center line of Mead Road 
is 7° 80’, since the bearing of this line is N 7° 30’ E. The 
vernier is set at 7° 80’, the telescope is directed to the rod 
held on the point x, and the lower clamp is set. By this 
operation, the transit is oriented on the center line of Mead 
Road. The stadia reading is taken and called out to the 
recorder. The vertical angle is read and called out. The 
plate clamp is then loosened and the telescope is directed to 
the stadia rod held successively on the points to be located. 
The stadia rod, vertical angle, and azimuth are read and 
recorded for each sight. These sights, called side shots, are 
preferably taken in succession by turning to the right, but this 
plan cannot usually be adhered to, as it is desirable that the 
rodmen shall cover the ground with as little unnecessary walk- 
ing as possible. The points to which side shots are taken are 
commonly indicated in the notes and sketches by the small 
letters of the alphabet, beginning with a at each instrument 
point. Thus, side shots a and 4 are taken to two adjacent 
corners of the tannery (see notes and sketches on pages 
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22 to 25), c,d, and e, to points on the edge of Roaring 
Brook; /, to the center of Mead Road; g and h, to corners 
of the house south of the station occupied; and /, to a point 
where the slope of the ground changes. Such a point, 
located merely to show the elevation of the ground, is com- 
monly called a contour point (marked c. f.), as it is used 
only to determine the contours of the tract, as will be 
explained later. Contour points are located when, in the 
judgment of the observer, the slope of the ground is not 
sufficiently well shown by the elevation of the other points 
that have been located. Side shots & and 7 are taken to 
locate the fence line, and m and z to locate the house north 
of Station 1. 

All the desired points adjacent to Station 1 having been 
located, one of the rodmen selects. a position suitable for 
Station 2. Before sighting to this point, the observer sets 
the vernier again at 7° 30’ and checks the position of the 
instrument by sighting again on the rod held at point x. If 
it is found that the instrument has moved slightly out of 
position, the telescope is again directed to the rod by means 
of the lower tangent screw. The upper plate is then 
unclamped and the telescope is directed to the rod held on 
the point selected for Station 2. The stadia reading is taken 
and the vertical angle and the azimuth are read. ‘The lat- 
ter is found to be 60°. The transit is then set up at Station 2 
and oriented in azimuth by taking a backsight on Station 1. 
The vertical angle and stadia reading from Station 2 to 
Station 1 are taken as a check. Thus, the stadia reading 
from Station 1 to Station 2 is 4.20 and the vertical angle is 
1° 83’, whereas, on the backsight, the stadia reading is 4.22 
and the vertical angle is 1° 37’.. The means between the two 
stadia readings and the two vertical angles are generally 
taken as the correct readings. Side shots to points adjacent 

to Station 2 are taken, and Station 3 is then located. Ina 
similar manner, Stations 4 and 5 and points adjacent to them 
are located. When the instrument is at Station 8, it is noticed 
that the point xis plainly visible, so a stadia reading is taken 
on it. The distance thus obtained is used as a check on the 
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platting of the survey. The last point sighted from Station 5 
is the point x at the intersection of Mead and Mill Roads, 
which was the first point sighted from Station 1 and now 
becomes Station 6. When the transit is set up and oriented 
at this station, the azimuth readings on all the instrument 
points can be checked by sighting to Station 1. If the field 
work has been performed accurately, the azimuth reading for 
this sight should be 7° 80’ + 180° = 187° 30’. As the sur- 
vey progresses, the recorder makes sketches showing ‘the 
lines run, the objects located, etc., being careful to designate 
each point in the sketches by the same letter that is used for 
the same point in the first column of the notes. In the loca- 
tion of a building, two adjacent corners are generally located 
by stadia measurements, and the sides are measured by the 
rodmen or by the recorder and one rodman. ‘The complete 
notes and sketches of this survey are shown in the preced- 
ing pages. The platting of these notes is explained in J/ap- 
ping, Part 2. 


TOPOGRAPHY BY PLANE TABLE 


22. Survey of a Large Area.—The tract is generally 
divided into a system of triangles called the control. The 
vertexes of these triangles are called controlling stations. 
The triangles are carefully located by the transit and the 
chain or tape, while a line of levels is run to determine the 
elevations of the controlling stations. After they have been 
established and platted, generally on a number of plane-table 
sheets, additional points within the triangles are determined 
by some of the plane-table methods already explained. 

From these points, which are so selected as to obtain the 
best outlook, the topographical features adjacent to each are 
located by stadia measurement and at once platted. The 
difference of elevation between the station occupied and each 
point observed is determined by means of the vertical angle 
and the Stadia Reduction Table. The elevation of the 
observed point is then obtained by adding or subtracting 
the difference of elevation to the elevation of the station 
occupied, as explained in Stadia and Plane-Table Surveying. 
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The elevation of each point located is marked on the map 
as soon as determined, and the topographer, with the ground 
before him, is able to determine if a sufficient number of 
points have been located to represent the slope of the ground 
with the degree of accuracy desired for the map. He is also 
able to see from the map if his locations from the station 
occupied cover the ground sufficiently close to the area pre- 
viously mapped. Random lines are sometimes run through 
heavily wooded sections of country where the surface is not 
visible from any of the principal points. 


23. Survey of a Small Area.—A survey of a small 
area is made with the plane table in a similar manner to 
that used for a small stadia survey, no preliminary triangula- 
tion being necessary unless a great degree of accuracy is 
desired. ‘Traversing with the plane table is sometimes done 
to locate roads, streams, and other features, or to locate and 
determine the elevation of points in heavily wooded country 
where the surface is not visible from the principal stations. 


CONTOURS 


LOCATION OF CONTOURS 


24. Definition.—A contour is a line that connects all 
points having the same elevation. It may be also defined 
as the intersection of the surface of the ground with a 
horizontal plane. 


25. Contour Intervals.—The vertical distance between 
two adjacent contours is called a contour interval. This 
distance is generally the same for each map, but varies with 
the degree of accuracy with which it is desired to show the 
surface. If it is desired to represent the surface accurately, 
a small interval, such as 2 feet, 5 feet, or 10 feet, is used. 
The interval customarily used in mapping by the United 
States Coast and Geodetic Survey is 20 feet. In mountains 
or very rough country, where sketching is largely relied on, 
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an interval of 100 feet is usually sufficiently close to show all 
necessary features. 

Contours are generally taken at elevations that are multi- 
ples of the interval. Thus, 10-foot contours are taken at 
elevations of 10, 20, 30, 40 feet, etc., and 5-foot contours at 
elevations of 5, 10, 15, 20 feet, etc. 


26. Determining the Contours.—The contours 
between two adjacent points whose elevations have been 
determined are generally platted as a part of the office 
work, as will be explained in Wapping, Part 2. Since the 
slope of the surface is assumed to be about uniform from 
each point to the one adjacent in each direction, it is neces- 
sary to locate a sufficient number of points to show the sur- 
face with a degree of accuracy sufficient for the purpose and 
in harmony with the scale of the map. 


27. Sketching the Contours.—This method is used 
as an auxiliary to the location of points when the contours 
are platted in the field and is especially advantageous when 
the map is a rough one and is hastily made. Sketching is an 
important part of the topographer’s work and a difficult one 
in which to acquire proficiency. It affords a wide scope for 
the exercise of judgment and skill, and its accuracy depends 
on the ability to see the principal features of the country and 
to represent them on paper so that they give the same 
impression as is given by the natural features. 


28. Direct Location of Contours.—It is sometimes 
advantageous to determine on the ground the location of 
each contour by locating a sufficient number of points of 
equal elevation to properly represent the contour when 
platted. The number of points located depends on the 
roughness of the country and the accuracy with which it is 
desired to represent the topographical features. The plane 
table is most commonly used in the direct location of con- 
tours, and it is generally supplemented by a Y level. The 
transit with stadia wires is sometimes used. The process 
with plane table and level is as follows: Fig. 9 represents 
a portion of a tract of ground on which the contours at 
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intervals of 20 feet are to be located directly. The points 
A, B, and C have been previously located and their elevations 
have been determined, as shown in the figure. The plane 
table is set up and oriented at a point P, from which is visible 
as much as possible of the ground to be covered, and the 
station occupied is platted on the map. It is decided to 
locate contour 100; so the level is set up above this elevation 
at a point of good outlook. A backsight reading of 4.2 is 
taken on station 4 and the height of instrument is thus found 


Fic. 9 


to be 97.5 + 4.2 = 101.7. All points in contour 100 are 101.7 
— 100 = 1.7 feet lower than the level line of sight. The 
target is set at 1.7 feet on the rod and the contour is then 
traced on the ground as follows: The first point 7 of the con- 
tour is determined by moving the rod up or down the slope 
until the target is intersected by the line of sight. This 
point is then sighted on from the plane table and a stadia 
reading taken. The line of sight is platted lightly and the 
distance is laid off on it to the scale of the map. The rod- 
man then determines about where it is necessary to locate 
another point to properly show the contour. Here he again 
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moves up or down hill until he reaches a point where the 
target is cut by the line of sight. This point 2 is located by 
the plane table, in a manner similar to that used for locating 
the first point. Points 3, 4, 5,6, and 7 are located in the 
same manner. After point 7 is located, it is noted by the 
levelman that his position will have to be changed to trace 
the contour further, so he moves to another position 
beyond the last point located, takes a backsight on point 7, 
and proceeds to locate the other points as before. Each 
contour point when platted is marked lightly with its eleva- 
tion and not with numbers 7, 2, 3, etc. When a number 
of points of equal elevation have been platted, the topog 
rapher delineates the contour by drawing a continuous line 
through the contour points, curving it where it appears to 
change its direction. No more points on contour 100 being 
visible from the plane table, the leveler sets a temporary 
turning point by a foresight of 11.8, the elevation of which 
is 102.3 — 11.8 = 90.5, and again by a backsight of 1.4 anda 
foresight of 10.9, a temporary turning point is set whose ele- 
vation is 90.5+ 1.4— 10.9 = 81.0. Selecting a point witha 
good outlook, the level is set up and a backsight of 1.8 gives 
a height of instrument of 81+ 1.8 = 82.8. The target on 
the rod is then set at 2.8 and points 7, 2, 3, 4,5, 6, and 7 are 
located on contour 80. Inasimilar manner portions of con- 
tours 60, 40, and 20 are platted, after which another position 
is chosen for the plane table and the contours are extended 
still farther over the tract. The farthest point located on 
each contour in the direction the contours are being extended 
is generally marked with a temporary stake, and this point is 
sighted on first from the next succeeding position of the 
plane table. Thus, point 9 on contour 100, and point 8 on 
contour 80 will each be marked with a stake. It is often of 
advantage to have a stadia rodman who holds a rod on the 
contour point when determined by the leveler and his rod- 
man. While the topographer is taking the reading, the level 
rodman is selecting the next contour point. If the contour 
intervals are 5 feet, two rodmen are sometimes employed, one 
tracing one contour and the other the next one above; the 


TOPOGRAPHIC SURVEYING 31 


leveler generally determines points in two contours from 
the same setting of the instrument, the topographer alter- 
nately locating points in each contour. 


29. Contours in Cross-Sectioning.—In cross-section- 
ing, 5-foot contours are sometimes located directly with the 
hand level or rod at a point 5 feet above the ground. The 
process is as follows: Fig. 10 represents a cross-section at 
Station 102 in a survey. The elevation of the station is 
177.2 feet, and it is desired to locate 5-foot contours for 
200 feet on each side of the station. 


Sta.102 
Elev, 1772 
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The topographer, standing at the station, determines by 
the eye the right-angle line on which the cross-section is to 
be taken. The elevation of the eye, when the hand-level 
staff is held at the station, is 177.2 + 5.0 = 182.2. The first 
contour below the station is 175 and a point at this elevation 
is determined by the rodman moving the rod down the slope 
until the level line of sight intersects the rod at 182.2 — 175 
= 7.2. This point is then located by measurement from the 
station and found to be 56 feet. It is recorded thus: 75%. 
The topographer then moves to the point just located, 

-determines a point in contour 170 in substantially the same 
manner as explained for contour 175, and so on. 


CONTOUR LINES 


30. Description.—In representing topography by means 
of a map, the area surveyed is conceived to be projected on 
a horizontal plane, represented by the plane of the paper, 
on which the inequalities of surface, important natural fea- 
tures and other conspicuous objects are shown in their true 
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relative positions. The simplest method and the one most 
generally employed for representing the topography of a 
given surface is by means of lines joining points of equal 
elevation, called contour lines, or simply contours. A 
map containing the outlines of a given area or tract, together 
with the contour lines showing the relative elevations of dif- 
ferent portions of its surface, is called a contour map of 
that surface. 


31. Example of Contour Lines.—The manner in 
which the relative elevations of different portions of a given 


1 
1 
I 
\ 
\ 
1 
! 
\ 
\ 
\ 
{ 
' 
1 
\ 
\ 
A 


Fie. 11 


surface can be represented by contour lines is illustrated in 
Fig. 11. Let 7 P NO represent the top view of a hill pro- 
jected on a horizontal surface, and let 4 AC represent a 
vertical section of the hill on the line 17, and DEF rep- 
resent a vertical section on the line OP. In the horizontal 
outline 17 P NO, the lines aa, 66, cc, dd, and ee may repre- 
sent imaginary lines drawn around the hill through points of 
equal elevation; these lines are assumed to be at intervals 
10 feet apart vertically. Suppose that this hill is surrounded 
by water, the surface of which reaches just to the line aa. 
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Since this line passes around the hill through points of equal 
elevation, and since the surface of the water is level, and 
consequently has the same elevation at all points, if the sur- 
face of the water reaches the line aa at any point, it will just 
touch it at all points around the hill, so that this line will 
represent the flow line or shore line of the water. In the 
vertical section AAC, the elevation of the surface of the 
water will be represented by the line aa; it will also be rep- 
resented by the corresponding line aa in the vertical section 
DEF. Now, suppose the hill to be gradually submerged in 
water by the water rising in successive heights of 10 feet, 
corresponding to the vertical intervals between the lines. 
At each successive rise of the water, its flow line, or shore 
line around the hill, corresponds to one of these lines. The 
horizontal lines shown in the vertical sections 4 BC and 
D EF correspond, respectively, to the positions of the surface 
of the water when at the successive elevations. Thus, when 
the water has risen to the line 46 in the horizontal plan 
MPN O, this line will represent the shore line of the water 
around the hill. The horizontal line 46 in the vertical sec- 
tion 4 BC and the corresponding horizontal line 66 in the 
vertical section A F are lines in these respective sections 
that represent the elevation of the surface of the water at 
such a stage. 

Each of the lines aa, 66, cc, dd, and ee that represent the 
_ shore line of the water around the hill at the successive 
stages is evidently a line through points of equal elevation 
and therefore corresponds to a contour line. These contour 
lines can be constructed from the vertical sections, or pro- 
files, in the following manner: The points a, 4, c, d, and e, 
where the respective horizontal lines intersect the surface of 
the hill in the vertical section 4 #C, are projected on the 
line 17 N, and the corresponding points in the vertical sec- 
tion DEF are also projected on the line OP. The corre- 
sponding points thus’ projected on A7N and OP are 
connected by continuous lines, as shown in the figure; these 
lines are lines of equal elevation, or contour lines. In order 
to determine the position of the contour lines and the 
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approximate form of the hill with a reasonable degree of 
accuracy and completeness, the elevations of the surface 
should be taken on a sufficient number of sections across the 
hill so that the contour lines can be drawn with the required 
degree of accuracy. ‘The two vertical sections represented 
in the figure are sufficient for the purpose of illustration, but 
in actual practice a greater number will usually be required. 
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